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Blates  XII-XV. 

Since  the  description  by  Gilchrist,!  in  1894,  of  hlastoinvcetic  derma¬ 
titis,  and  the  report  hy  Cilclirist  and  Stokes:|;  of  the  second  case,  two 
more  instances  liave  been  recorded,  one  hy  my  assistant,  IT.  G.  '\Yells,§ 
which  like  the  two  prerions  cases  resembled- Inpns  vnlgaris  clinically, 
and  the  other  and  fourth  by  E.  Hessler.H  The  latter’s  case  began  as  a 
pimple,  which  gradually  enlarged  and  formed  a  small  abscess,  from  the 
contents  of  which  a  blastomyces  was  cnltivated.  After  evacuation  the 
abscess  healed,  bnt  at  the  time  of  the  report  new  foci  were  making 
their  appearance  in  the  neighborhood  of  the  old  scar.  The  only  other 
of  the  fonr  instances  of  blastomycosis  of  the  skin,  in  which  the  organ¬ 
ism  has  been  isolated  in  pnre  cnltnre,  is  that  of  Gilchrist  and  Stokes, 
who  record  full  observations  on  the  cnltnral,  morphological,  and 

*  Itead  by  title  at  the  meeting  of  the  Association  of  American  I’hysicians, 
Washington,  1).  C.,  May  1-3,  1899, 

'i  Johns  Hopkins  Hospital  Reports,  ISOO,  i,  209. 

i  Johns  Hopkins  Hospital  Bulletin,  1890,  vii,  129;  Journal  of  Experimental 
Medicine,  1898,  iii,  53. 

§  AV?r  York  Medical  Journal,  starch  20,  1898. 

^Indiana  Medical  Journal,  August,  1898. 
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pathogenic  properties  of  the  Blastomyces  dermatitidis,  which  is  the 
name  they  gave  the  fnngus  in  their  ease. 

It  is  now  proposed  to  describe  briefly  the  results  of  the  histological 
and  biological  examination  in  the  case  of  blastomycetic  dermatitis 
recently  under  the  care  of  Professors  Hyde  and  Bevan,  in  the  Presby¬ 
terian  Hospital,  of  Chicago,  so  as  to  add  to  the  number  of  instances 
illustrative  of  the  action  of  pathogenic  blastomycetes — microorganisms 
which  of  late  are  attracting  considerable  attention. 

I  am  under  many  obligations  to  Professor  Hyde,  who  saw  the  case 
first  and  referred  it  to  Professor  Bevan,  for  the  privilege  of  making 
the  following  abstract  of  the  clinical  history:* 

11.  B.,  by  occupation  a  day  laborer,  5G  years  of  age  and  married,  pre¬ 
sented  himself  for  treatment  Sejdember  20,  1898.  lie  was  a  native  of 
Holland;  at  18  years  of  age  he  left  for  the  East  Indies,  Avdiere  he  entered 
the  Dutch  army,  serving  in  the  East.  He  was  then  taken  ill  with  some 
form  of  fever,  which  resulted  in  his  leaving  the  East  Indies  for  his  na¬ 
tive  land.  He  remained  in  Holland  for  eight  or  nine  years  after,  and 
came  to  America  in  1892. 

His  present  malady  began  four  years  ago  by  the  development  of  a 
small  reddish  spot  in  the  right  leg,  the  disorder  gradually  extending  over 
its  anterior  part.  For  this  trouble  he  underwent  some  operation  in  the 
Dearborn  Hospital;  he  was  also  treated  at  the  Hahnemann  Hospital. 
The  result  was  the  production,  in  the  region  named,  of  a  thin,  broad, 
cicatriform  tissue,  insensitive,  and  in  places  scaling. 

One  year  ago  the  left  thumb  and  wrist  were  found  to  be  involved  in 
some  morbid  process,  which  ju'oduced  by  gradual  extension  from  the 
point  of  original  implication  a  reddish  patch,  well  defined  in  outline, 
with  a  l)luish-red  areola  and  a  decidedly  verrucous  aspect.  This  patch 
furnished  a  moist  and  sticky  exudate.  The  subjective  symptoms  were 
a  sense  of  soreness  and  burning,  at  times  decided  pain  and  pricking  sen¬ 
sations.  The  pain  often  radiated  up  the  arm,  so  that  both  the  elbow 
and  shoulder  of  the  affected  side  became  sensitive.  The  fingers  became 
partially  fiexed  toward  the  palm;  tlie  little  finger  was  thus  permanently 
flexed. 

*  The  clinical  aspects  of  this  case  are  fully  dwelt  upon  in  an  article  by 
Hyde,  Hektoen  and  Bevan  (A  Contribution  to  the  Study  of  Blastomycetic 
Dermatitis,  7??‘Wi.s7)  Journal  of  Dermafolofn/,  1890,  xi).  Here  is  also  a  brief 
report  of  a  new  case  of  blastomycosis  of  the  skin  of  the  leg  Avhich  T  dis¬ 
covered  in  a  musenm  s])eeimen. 
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He  sutfered  from  headaches,  which  were  frequent  and  severe;  from 
constipation,  and  from  imippetence.  His  sleep  was  poor.  His  height 
was  5  feet  9  inches;  weight,  98  pounds,  a  decline  from  his  average  weight 
of  145  pounds.  He  used  tobacco  in  moderation  but  no  alcoholic  stimu¬ 
lants,  though  he  had  once  been  a  heavy  drinker. 

His  father  died  at  the  age  of  92,  in  good  health;  his  mother  at  45,  of 
consumption.  There  were  three  brothers  living,  one  dead  from  consump¬ 
tion;  three  sisters  were  dead  of  consumption,  at  21,  16,  and  48  years  of 
age,  respectively.  He  had  had  six  children;  four  were  living  and  in  good 
health,  two  were  dead,  one  at  39  months,  the  other  at  2^  years,  from 
causes  unknown. 

When  examined  by  Prof.  Hyde  the  region  of  involvement  of  the  right 
leg  extended  in  an  irregxdar  oval,  its  long  axis  parallel  with  the  axis  of 
the  extremity,  from  the  lower  margin  of  the  upper  third  of  the  anterior 
surface  of  the  limb  quite  to  the  lower  border  of  the  lower  third,  its  lateral 
wings  barely  perceptible  when  the  posterior  surface  of  the  leg  was  viewed 
from  behind.  The  encroachment  upon  the  calf  was  about  equal  on  the 
two  sides,  the  outer  wing  slightly  more  elevated  than  its  fellow.  This 
entire  surface  was  covered  with  a  thin,  papery  substitute  for  the  normal 
epidermis,  which  furnished  a  slight  scale. 

The  dorsal  aspect  of  the  proximal  phalanx  of  the  right  thumb  and 
of  the  wrist,  with  a  portion  of  the  posterior  face  of  the  lower  third  of 
tlie  forearm,  were  involved  in  a  single  connected  patch  of  morbid  tissue, 
dull-reddish  in  hue,  sharply  defined  in  outline  and  having  a  peculiar 
1)luish-rod  border  extending  about  4  mm.  away  from  the  edge  of  the 
affected  area.  The  body  of  the  patch  was  made  up  of  an  elevated  mass 
of  infiltration,  with  a  verruciform  development  of  fine,  pin-head-sized 
papilla?  projecting  externally  and  moistened  by  a  glutinous  secretion. 
Individual  elements  of  this  warty  growth  were  readily  distinguished  by 
the  eye.  The  palm  was  completely  spared.  There  was  entire  absence 
of  other  lesions,  such  as  pustules,  vesicles,  crusts,  or  the  scar-like  tissue 
exhibited  on  the  leg.  No  other  signs  of  disease  were  discovered. 

For  the  purpose  of  further  examination  and  study  of  the  lesion  pre¬ 
sented  by  the  patient,  he  was  placed  in  the  Presbyterian  Hospital,  under 
the  charge  of  Professor  Bevan  who,  on  September  2T,  1898,  excised  a 
small  piece  of  the  upper  margin.  Frozen  sections,  stained  with  luema- 
toxylin  and  eosin,  showed  extensive  epithelial  proliferations  and  cell  in¬ 
filtrations  in  the  corium;  in  the  new-formed  epithelial  masses  were  nu¬ 
merous  miliary  abscesses,  in  one  of  which  I  found  two  round  bodies,  com¬ 
posed  of  an  outer  bluish  membrane,  an  inner  colorless  and  hyaline  layer, 
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and  faintly  stained  grannlar  contents  with  a  few  blue  bodies  like  cocci. 
A  diagnosis  of  Idastomycetic  dermatitis  was  accordingly  made. 

Soon  afteinvard  Professor  Bevan  placed  the  patient  on  iodide  of  po¬ 
tassium,  with  the  result  that  material  diminution  in  the  size  of  the  patch 
occurred,  and  such  marked  amelioration  of  all  the  symptoms  that  the 
question  of  operative  interference  was  for  the  time  set  aside.  The  i)a- 
tient  had  been  taking  the  drug  named  before  he  first  came  under  Pro¬ 
fessor  Hyde’s  observation,  hut  probably  not  in  such  doses  as  those  ad¬ 
ministered  at  the  hospital. 

Microscopical  Examinalion. — Portions  of  the  hit  of  tissue  excised  Sep¬ 
tember  27  were  fixed  in  absolute  alcohol.  On  October  G  Professor 
Bevan,  at  my  recjuest,  excised  a  long,  narrow  strip  from  the  centre  of 
the  lesion  on  the  hack  of  the  hand,  the  clinical  appearance  of  which  now 
indicated  rapid  healing,  especially  at  the  margins.  Pieces  from  this 
strip  were  fixed  in  absolute  alcohol,  sublimate  and  Zenker’s  fluid. 
Parallin  sections  were  stained  with  ha^matoxylin  and  eosin.  Gram’s 
method  ])receded  by  carmine,  and  alkaline  methylene-hlne,  with  or  with¬ 
out  connterstain  with  eosin. 

The  histology  of  the  skin  lesion  may  he  summarized  as  follows:  It 
can  he  said  at  the  outset  that  the  histological  appearances  in  this  case 
are  identical  with  those  described  by  Gilchrist  and  by  Wells.  In  fact 
their  descriptions  would  answer  very  well  for  this  case  also. 

The  surface  of  the  skin  is  covered  by  a  horny  layer  of  varying  thick¬ 
ness,  together  with  debris,  polymorphonuclear  leucocytes,  blood  discs 
and  bacteria,  especially  bacilli  that  take  Gram’s  stain.  In  places  small 
abscesses  have  broken  throngh  the  horny  layer,  Avhich  lies  directly  on 
the  grannlar  or  prickle  layer.  The  striking  feature  in  the  sections  is 
the  great  hyperplasia  of  the  epithelium,  very  similar  to  rapid  carcinoma¬ 
tous  ])roli  feral  ion,  and  in  the  form  of  variously  shaped  and  branching 
downgi'owths  of  fi’om  3  to  o  m]n.  in  extent,  which  start  from  the  inter- 
])apillary  ])roccsscs  ])rincipally  and  cause  great  distortion  of  the  papillary 
layer.  In  the  larger  columns  of  epithelial  cells  the  central  parts  may 
show  degeneration  as  well  as  distinct  hornifieation.  Isolated  epithelial 
whorls,  more  or  le.«s  com])letely  hornified,  also  occur.  The  epithelial 
proliferations  are  generally  separated  from  the  fibrous  tissue  of  the 
coi'ium  by  a  ([uite  distinct  layer  of  cylindrical  epithelial  cells,  next  to 
which  occur  typical  prickle  cells.  Occasionally  karyokinetic  figures 
occur  in  the  epithelial  cells. 

Scattered  thronghout  the  entire  e])ithelial  portion  are  polymorpho¬ 
nuclear  leucocytes,  which  occur  between  as  well  as  within  the  cells.  Xu- 
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morons  focal  collections  of  lencocytes,  -whieli  -vvlien  larger  form  miliary 
abscesses,  are  found  in  all  parts  of  the  thickened  epithelium,  in  the  deep 
prolongations,  near  the  surface  as  well  as  directly  underneath  it,  and  at 
times  they  have  broken  through  externally.  The  contents  of  these  char¬ 
acteristic  abscesses  consist  of  leucocytes,  with  more  or  less  nuclear  frag¬ 
mentation,  desquamated  epithelial  cells,  detritus  of  horny  material,  red 
blood  corpuscles,  and  the  organism  peculiar  to  the  process;  in  some  are 
also  multinuclear  giant  cells  of  the  tuberculous  type.  The  epithelial 
cells  around  the  abscesses  seem  to  play  an  entirely  passive  role  and  to 
be  flattened  out  by  the  pressure  of  the  abscess  contents. 

The  connective  tissue  between  the  epithelial  downgrowths  presents 
typical  acute  and  subacute  inflammatory  changes:  the  vessels  are  con¬ 
gested,  leucocytes  are  seen  in  the  act  of  migration,  there  are  haemorrhagic 
extraA’asations  as  Avell  as  cedematous  districts.  The  cell  infiltration  is 
marked  in  many  places,  but  there  are  but  very  few  miliary  abscesses  and 
no  organisms  have  been  found  in  the  corium;  a  few  giant  cells  are  pres¬ 
ent;  endothelioid  cells,  plasma  cells,  and  polymorphonuclear  leucocytes 
make  up  the  principal  part  of  the  infiltration;  the  mast  cells  are  rather 
numerous.  In  places  young  connective  tissue  has  formed.  Occasional 
typical  hyaline  bodies,  mostly  as  mulberry-sbaped  masses,  are  present. 
Tir  one  instance  a  large  cell  with  a  nucleus  like  that  of  plasma  cells  was 
filled  with  small  hyaline  spheres. 

As  to  the  apiiendages  of  the  skin  present  it  Avould  seem  that  they  play 
but  a  passive  role;  the  coils  of  the  su’eat  glands  are  crowded  apart  by  the 
inflammatory  infiltration,  and  the  hair  follicles  are  the  seat  of  a  marked 
hyperkeratosis. 

I'he  organisms  in  this  case  do  not  seem  to  be  present  in  the  tissues  as 
numerously  as  in  the  cases  pi’eviously  reported.  This  impi’ession  is 
gained  after  carefully'  looking  over  a  large  nundier  of  sections  from 
various  paids  of  the  area  involved.  All  the  mature  organisms  seen 
occur  in  the  miliary-  abscesses  in  the  epithelial  proliferations  (Figs.  1 
and  2,  Plato  XI T),  most  often  singly,  sometimes  in  groups  of  from  two 
to  four;  they  are  invariably  situated  outside  of  the  cells;  not  even  the 
giant  cells  in  this  case  contain  any  ])arasites.  'Phe  ])arasites,  when  not 
budding,  are  round  or  oval,  and  about  10  to  12  mikrons  in  diameter; 
they  are  surrounded  by  a  homogeneous  cajjsulc,  from  which  the  finely 
granular  protoplasm  is  separated  by  a  clear  zone  of  varying  width;  in 
some  the  ])rotoplasni  contains  a  vacuole  of  varying  size,  which  in  a 
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few  instances  occupies  the  larger  part  of  the  cell,  crowding  the 
granules  closely  together  inside  the  clear  zone,  which  becomes  indis¬ 
tinct;  in  a  few  organisms  the  outer  capsule  contains  oblong  thickenings. 
Budding  bodies  in  varying  stages  are  present ;  the  granular  protoplasm 
pushes  the  capsule  and  clear  zone  before  it,  forming  an  oval  bud  which 
grows  larger  and  eventually  separates  from  the  mother  oi’ganism. 
Methylene  blue  gives  the  best  stain  of  the  parasite,  the  capsule  assum¬ 
ing  a  deep  blue  color,  the  protoplasm  a  lighter  blue.  There  are  no  rod 
granules  in  the  parasites  when  stained  in  this  way,  as  described  by 
Gilchrist. 

Cntlnres* — Smears  of  soft  material  from  the  bit  of  skin  first  excised 
contained  a  few  bacilli  and  a  very  small  number  of  round  bodies  similar 
to  those  found  in  the  sections.  Three  glycerine-agar  and  three  blood- 
serum  tubes  were  inoculated.  The  resulting  colonies  consisted  of  a  ba¬ 
cillus,  mixed  with  a  few  large  round  bodies;  attempts  at  isolation  of  the 
latter  by  means  of  the  ])late  method  failed.  Two  attempts  at  cultivating 
yeasts  from  the  hand  yielded  pure  growths  of  a  pathogenic  bacillus  which 
belongs  in  the  pseudo-diphtlieria  group.  Numerous  cidtures  were  also 
made  from  the  strip  of  skin  removed  October  6;  small  pieces  of  tissue 
were  rubbed  over  the  surface  of  potato,  glycerine-agar  and  glucose-agar; 
inoculations  were  also  made  in  Pasteurs  fluid.  After  24  hours  there  was 
a  heavy  growth  upon  all  the  solid  media,  consisting  of  a  comparatively 
few  large  clear  bodies  and  bacilli.  Isolated  by  the  plate  method  the 
bacilli  proved  to  be  pseudo-diphtheria  bacilli  already  found,  and  an  un¬ 
identified  bacillus;  tlie  jilates  also  showed  some  colonies  which  consisted 
of  round  bodies  of  variable  size;  in  the  subcultures  these  bodies  were  so 
closely  and  constantly  associated  with  small  coeciis-like  organisms  that 
for  a  time  grave  doubts  were  felt  as  to  the  purity  of  the  growth.  In 
subcultures  on  glycerine-  and  glucose-agar  there  u'cre  noticed  after  several 
days  colonies  with  two  distinct  shades  of  color,  namely  a  creamy  yellow 
and  an  almost  pure  white.  Now,  from  the  yellow  part  the  smears  showed 
only  small,  round  or  oval,  often  apparently  budding  and  deeply  stained 
organisms,  often  not  larger  than  large  cocci,  while  the  white  colonies  con¬ 
sisted  of  much  larger,  mostly  quite  clear  round  bodies,  varying  in  diame¬ 
ter  from  7  to  10  mikrons. 

Inoculations  of  the  smaller  organism  in  the  yellow  colony  on  fluid 
media  were  followed  in  two  or  three  days  by  the  growth  of  a  fine  film  on 

am  indebted  to  Mr.  11.  E.  Davies  for  the  snccessfiil  isolation  of  the 
blastomyees  in  ])nre  culture. 
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the  surface,  which  consisted  of  small  bodies,  while  the  slight  deposit  at 
the  bottom  contained  mostly  larger  forms.  Inoculations  on  bouillon 
with  the  larger  form  gave  the  same  results.  Cultures  of  the  smaller 
organisms  on  glucose-  and  glycerine-agar  at  room  temperature  developed 
both  forms,  smears  showing  long  chains  of  more  or  less  deeply  stained 
small  bodies  which  were  closely  connected,  and  at  one  end  of  the  chain 
there  would  often  he  one  or  more  of  the  large  clear  organisms.  It  was 
also  soon  noticed  that  when  a  cidture  of  the  larger  form  became  dry  the 
organism '  seemed  gradually  to  become  smaller.  It  was  therefore  con¬ 
cluded  that  it  concerned  one  and  the  same  organism,  which  in  the  course 
of  artificial  growth  appeared  in  various  sizes. 

This  organism  grows  readily  on  all  of  the  following  media,  the  extent 
and  rapidity  of  growth  corresponding  roughly  to  the  order  in  which 
they  are  named,  beginning  with  the  most  favorable:  beerwort-agar,  glu¬ 
cose-  and  glycerine-agar,  Lofflers  blood-serum,  potato  (alkaline),  glu¬ 
cose-  and  glycerine-broth,  lactose-,  dextrose-,  and  saccharose-broth,  agar- 
agar,  gelatine,  milk,  and  Pasteur’s  fluid. 

A  (jar  and  Gelatin  Plates. — On  glycerine-agar  ])lates  pin-point-sized 
and  even  larger  colonies  develop  in  24  hours  at  35°  C.;  they  are  roundish 
and  oval,  rather  coarsely  but  evenly  granular  and  very  light  grayish  in 
color.  With  a  moderate  magnification  the  individual  yeast  bodies  are 
readily  distinguishable,  especially  at  the  margins,  where  budding  forms 
often  occur  (Fig.  3,  Plate  XIII).  As  the  colonies  become  larger  the  cen¬ 
tral  part  turns  more  opaque;  the  surface  colonies  are  larger  than  the 
deep. 

The  deep  colonies  on  gelatin  plates  show  the  individual,  clear,  circu¬ 
lar  bodies  very  distinctly,  while  the  surface  growths  are  smaller,  irregu¬ 
lar  in  mflline,  more  opaque,  and  composed  of  much  smaller  organisms. 
In  the  hanging  drop  colonies  of  gelatin  small,  opaque  buds  are  seen  be¬ 
tween  the  large,  clear  organisms.  Generally  the  process  of  budding  re¬ 
sults  in  the  growth  of  small  round  colonies,  but  sometimes  peculiar,  long 
outgrowths  of  two  or  more  quite  parallel  rows  of  bodies  develop,  so  that 
the  colony  becomes  more  or  less  club-shaped. 

Hanging-drop  cultures  of  bouillon  show  the  multiplication  by  budding 
very  well,  and  also  the  structure  of  the  organism  (Fig.  4.  Plate  XIII). 

A  (jar. — The  organism  grows  most  luxuriantly  upon  5  ])or  cent  beer¬ 
wort-agar.  On  slanting  w'ort-  and  glycerine-agar  there  deA’elops  in  24 
hours  an  extensive,  grayish  or  yellowish-white  growth,  without  any  spe¬ 
cial  characteristics  and  which  spreads  itself  over  the  surface  and,  espe¬ 
cially  in  the  case  of  the  beer-wort-agar,  gradually  creeps  in  between  the 
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medium  and  the  glass.  With  time  the  growth  becomes  perhaps  more 
purely  white;  it  remains  quite  soft  and  smooth  on  the  surface.  In  from 
8  to  14  days  quite  abundant,  fluffy  and  feathery  masses  have  grown  down 
into  the  agar  from  the  under  surface  of  the  superflcial  growth;  this  is 
more  marked  on  the  beer-wort-agar.  These  peculiar  feathery  or  downy 
outgrowths  are  roundish  or  cone-shaped,  the  large  ones  being  as  much 
as  3  mm.  in  diameter;  they  are  very  much  like  the  downgrowths  char¬ 
acteristic  of  many  varieties  of  ray  fungi. 

In  stab  cultures  the  surface  is  soon  covered  by  a  spreading,  slightly 
raised  smooth  layer.  The  growth  along  the  needle  track  becomes  quite 
thick  and  presents  irregular,  nodular,  sometimes  almost  polypoid  pro¬ 
tuberances,  which  give  it  a  peculiar  twisted  appearance.  In  a  few  days 
this  knobby  trunk  presents  delicate  lateral  branches  springing  from  va¬ 
rious  parts  of  the  circumference  and  passing  out  into  the  medium  at 
right  angles  to  the  stem,  after  the  fashion  of  the  branches  of  certain 
trees.  These  feathery,  often  extremely  fine,  lateral  outgrowths  resemble 
very  much  the  tree-like  branchings  of  stab  cultures  of  many  forms  of 
actinomyces. 

On  agar-agar  the  organism  produces  a  rather  light  yellowish-brown 
pigment,  Avhich  smears  show  to  be  in  the  form  of  small  granules  that  occur 
about  and  upon  some  of  the  larger  clear  bodies.  This  property  of  pig¬ 
ment  production  is  not  observed  upon  any  other  media  and  develo])s, 
to  a  moderate  degree,  on  transplantation  upon  plain  agar  from  whatso¬ 
ever  other  medium  it  may  be,  but  it  is  not  absolutely  constant. 

Gelatin. — The  growth  on  gelatin  is  rather  scanty.  There  develoj)  a 
flat,  thin,  pearly  surface  layer  and  an  irregularly  granular  tapering 
growth  along  the  needle  track,  with  peculiar  lateral  outgrowths  consist¬ 
ing  of  delicate  tufts,  straight  or  branehing  threads  of  varying  length  and 
thickness;  some  of  the  threads  break  up  into  an  extremely  fine  terminal 
network  at  some  distance  from  the  main  stem.  Gelatin  is  not  liquefied. 

Sernni. — On  Lfifller’s  serum  the  growth  is  quite  extensive. 

Potalo. — On  alkaline  potato  there  forms  in  24  hours  a  slight  yellow¬ 
ish-white,  raised  growth  of  considerable  extent;  with  time  this  increases 
mateidally,  the  margins  being  rounded  and  irregularly  wavy.  On  acid 
potato  the  rate  of  growth  is  much  slower. 

Bonillon. — In  bouillon  there  forms  a  granular,  rather  coarse,  some¬ 
times  a  little  stringy  sediment  and  gradually  small  granular  masses  aji- 
pear  scattered  throughout  the  fluid,  which  at  first  is  finite  clear.  Some¬ 
times  a  clear  film  develops  on  the  surface. 

Mill’. — Moderate  growth  occurs  in  milk,  without  any  change  in  reac¬ 
tion  and  without  caseation. 
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Fermeniation  Tests. — The  organism  grows  fairly  well  in  the  aerobic 
bulb  of  fermentation-tnbes  containing  lactose-,  dextrose-,  and  saecha- 
rose-bonillon,  made  from  sngar-free  bonillon,  prepared  according  to 
Tlieobald  Smith's  formnla.*  bnt  without  fermentation.  It  also  grows  to 
a  limited  extent  in  Pasteurs  flnid.  It  does  not  prodnce  indol. 

Bead  ion  to  O-rimen. — The  organism  does  not  grow  in  Bnchners  jars. 

Temperature. — The  thermal  death-point  is  34°  C.,  an  exposure  to  this 
temperatnre  for  two  minntes  killing  the  organism.  It  is  not  killed  by 
freezing;  cnltures  exposed  to  a  temperatnre  just  above  zero  for  two  weeks 
and  then  frozen  solid  for  two  weeks,  on  inoculation  gave  rise  to  typical 
new  colonies. 

Bclation  to  Potassium  Iodide  and  the  Pseudo-diphtheria  Bacillus. — The 
ra]hd  im])rovement  of  the  local  lesion  nnder  the  nse  of  iodide  of  potas¬ 
sium  suggested  the  advisability  of  determining  the  effect  if  any  of  the 
])rescnce  of  this  drug  in  the  media  inocnlated.  It  was  found  that  a  1 
per  cent  iodide  of  potassium  l)onillon  fnrnishes  just  as  favorable  a  me¬ 
dium  for  the  growth  of  the  organism  as  ordinary  broth. 

It  also  occurred  to  ns  that  possibly  the  mixed  infection  Avith  the  pseu¬ 
do-diphtheria  bacillus  referred  to  might  play  some  role  in  the  rapid  heal¬ 
ing  of  the  lesions.  Tlie  blastomyces  was  found  to  grow  unhindered  in 
the  i)resence  of  the  bacillus  in  the  same  media;  it  develops  just  as  rapidly 
in  filtered  two  Aveeks'  old  bouillon  cultures  of  the  pseudo-diphtheria  ba¬ 
cillus  as  in  the  ordinary  broths. 

Morpholoiiu. — The  size,  shape,  and  structure  of  the  organism  as  it  de- 
A’olops  in  artificial  culture  A'ary  someAvhat  in  the  different  media  and  Avith 
ase.  Some  reference  to  this  A’ariability  has  already  been  made  in  con¬ 
nection  Avith  the  account  of  the  early  efforts  to  obtain  pure  cultures. 
Fresh  speeimens  mounted  in  salt  solution,  from  the  culture  of  glycerine- 
agar.  shoAv  a  highly  refractive  organism  Avith  a  doubly  contoured  mem¬ 
brane. 

The  organism  is  not  destroyed  by  caustic  ]Aotash.  It  stains  readily 
Avith  the  common  aniline  solutions,  but  the  stain  is  rather  dee]i  and  in 
many  cases  too  dilfiise  and  the  clearest  pictures  are  obtained  by  a  rather 
prolonged  staining — 13  to  30  min. — of  carefully  made  films  in  a  .3  iier 
cent  solution  of  methylene-blue  and  then  Avashing  Avell  Avith  Avater.  The 
films  are  made  by  sus])ending  a  small  quantity  of  the  culture  in  a  drop 
of  physiological  salt  solution  or  of  distilled  Avater  and  drying.  This 
stain  brings  out  the  dilferent  parts  of  the  cells  Avhereas  other  methods 
stain  diffusely. 
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llie  Organism  in  Blast omycetic  Dermatitis 


Large  bodies,  siieli  as  seen  in  the  tissues  of  the  hand  as  well  as  in  those 
of  infected  animals,  are  not  constant  in  the  cultures.  However,  as  the 
organism  begins  to  grow  on  most  of  the  common  solid  media  and  under 
favorable  circumstances,  it  generally  presents  an  outer  well-defined  but 
thin  membrane,  which  is  separated  from  the  protoplasm  proper  by  a 
clear  and  transparent  zone.  The  size  varies  between  7  and  12  //..  The 
form  is  round  or  oval,  sometimes  polygonal  on  account  of  mutual  pres¬ 
sure.  Budding  forms  are  very  frequent  and  occur  in  all  stages.  The 
process  of  budding  seems  to  begin  with  the  appearance  of  a  small  pro¬ 
jection  of  the  endosporium,  which  pushes  the  transparent  zone  and  outer 
membrane  in  front  of  it;  very  soon  these  layers  enclose  the  new  bud 
fully  and  the  point  of  attachment  to  the  mother  cell  may  be  either  flat¬ 
tened  or,  later,  drawn  out  into  a  slender  pedicle.  When  the  buds  are 
small  it  is  not  always  possible  to  recognize  the  various  parts  mentioned. 
In  the  fairly  well  developed  bodies  the  endosporium  is  vacuolated  and, 
generally,  finely  granular;  not  rarely  some  of  the  granules  may  be  coarse, 
of  varying  size,  and  deeply  stained,  sometimes  producing  appearances 
that  resemble  the  presence  of  a  nucleus,  but  this  is  not  constant.  The 
vacuole,  which  may  be  large  or  small,  is  as  a  rule  centrally  located. 
Sometimes  there  is  no  vacuole;  this  is  generally  the  ease  in  young,  small 
buds  and  newly  separated  bodies.  As  the  culture  becomes  older  the 
number  of  really  large  bodies  with  large  vacuoles  seems  gradually  to  in¬ 
crease;  the  protoplasmic  granules,  which  also  become  larger,  are  then 
eitlier  crowded  to  one  side  or  arranged  as  a  rim  around  the  vacuole;  in 
man}’’  of  these  bodies  the  transparent  zone  is  no  longer  distinctly  recog¬ 
nizable.  Such  large  bodies  are  surrounded  by  numerous  much  smaller 
ones,  sometimes  vacuolated,  sometimes  not.  In  some  preparations  these 
bodies  seem  to  lie  in  a  gelatinous  material.  In  a  glycerine-agar  culture 
five  weeks  old  or  more  large  bodies  are  usually  quite  numerous.  In 
some  cultures  the  size  of  the  cells,  the  extent  of  vacuolation,  etc.,  are 
quite  uniform,  in  others  rather  variable.  The  uniform  size,  regular  and 
cliaracteristic  form  and  large  vacuoles  of  the  cells  in  cultures  obtained 
from  an  extensive  and  richly  cellular  exudate  produced  by  inserting  a 
quantity  of  yeast-cells  into  the  anterior  chamber  of  a  rabbit’s  eye  have 
})ersisted  unchanged  through  many  generations  grown  on  glycerine-agar. 

Large  bodies  with  huge  vacuoles  are  also  prone  to  form  in  cultui-es  on 
Lilfiler’s  blood  scrum  (I'ig.  d.  Plate  XIII,  and  Figs.  0  and  7,  Plate  XIY). 

With  Gram’s  stain  some  organisms  remain  deeply  and  diffusely  stained 
wliile  otliers  are  ])artly  decolorized,  frequently  showing,  however,  three 
or  more  deeply  colored  granules  at  or  upon  the  margins  of  the  bodies. 
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JJy  means  of  stained  microscoi)ic  sections  of  the  stab  cultures  in  glu¬ 
cose-agar  and  gelatine  it  is  readily  determined  that  the  peculiar  lateral 
outgrowths  and  branchings  observed  in  these  cultures  do  not  depend 
upon  the  formation  of  mycelium  but  are  composed  of  budding  round 
forms  only.  This  peculiar  way  of  growing  is  therefore  identical  with  the 
development  of  the  curious  club-shaped  colonies  in  the  gelatine  hanging 
drop. 

In  liquid  media,  especially  bouillon  and  Pasteur’s  fluid,  as  well  as,  but 
to  a  much  less  extent,  on  potato  and  other  solid  substance,  the  organism 
may  be  comparatively  small.  It  appears  that  the  buds  become  sepa¬ 
rated  while  still  minute.  Not  rarely  a  parent  cell  is  found  surrounded 
by  a  number  of  minute  free  as  well  as  attached  buds,  many  of  which  are 
so  small  as  to  reseml)]o  cocci.  Now,  these  small  bodies,  which,  as  a  rule, 
stain  diffusely  and  homogeneously,  may  give  rise  to  succeeding  genera¬ 
tions  of  small  organisms,  varying  in  size  from  1  to  5  //.  Eepeated  bud¬ 
ding  without  complete  separation  may  give  rise  to  chains  and  groups 
of  various  lengths  and  sizes.  Certain  parts  of  smear  preparations  from 
cultures  in  Pasteur’s  fluid  and  bouillon  may  resemble  very  much  those 
of  a  medium-sized  micrococcus,  except  that  the  yeast  fungus  may  pre¬ 
sent  rather  pronounced  variations  in  size  (Fig.  8,  Plate  XIV).  When  the 
minute  forms  cluster  closely  around  large,  vacuolated  bodies  the  first  im¬ 
pression  that  it  concerns  a  mixed  culture  is  certainly  not  surprising. 

In  some  cultures  a  distinct  myceli\im  develops.  This  is  most  notice¬ 
able  in  Pasteur's  fluid  and  bouillon,  but  mycelioid  growth-forms  may 
occur  to  a  very  slight  degree  in  all  media,  e.  g.,  plain  agar.  The  forma¬ 
tion  of  mycelium  is  due  apparently  to  a  gradual  elongation  of  individual 
organisms  of  the  smaller  type,  resulting  in  the  early  stages  in  irregularly 
cylindrical-shaped  bodies  which  later  grow  out  into  either  curved  or  fairly 
straight,  rather  thick  rods  of  varying  lengths  or,  more  rarely,  form  long 
coiled  threads.  Puds  maj"  arise  from  any  part  of  the  mycelium  and 
they  may  be  sessile  or  peduncidated.  When  buds  separate  from  the  ends 
of  a  rod  and  grow  in  length  or  when  all  the  members  in  a  chain  of  or¬ 
ganisms  begin  to  elongate,  a  segmented  mycelium  is  formed;  the  appear¬ 
ance  between  the  ends  of  two  segments  of  new  buds  which  also  grow 
out  long,  or  the  dislocation  of  a  segment  from  its  position  in  the  myce¬ 
lium,  may  give  rise  to  quite  typical  false  ramifications.  The  cylindrical 
masses,  the  rods  and  threads  vary  in  thickness,  the  average  being  about  5 
mikrons.  For  the  most  part  the  substance  of  the  mycelium  is  solid  and 
dense,  staining  diffusely,  but  parts  occur  in  which  there  is  a  membrane 
enclosing  an  empty  space  containing  in  places  finer  or  coarser  grannies 
(Fig.  9.  Plate  XYb 
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Cultures  on  agar-agar  are  frequently  characterized  by  the  production 
of  a  gramdar,  yellowish-hrou'n,  at  times  also  reddish,  pigment.  Here 
are  found  medium-sized  typical  bodies,  quite  a  few  oblong  and  elongated 
narrow,  diffusely  stained  forms  but  no  typical  mycelium,  and  also  a  con¬ 
siderable  number  of  round  bodies  covered  and  surrounded  by  yellow  or 
yellowish-brown  pigment  granrdes  which  are  quite  uniform  in  size  (Fig. 
10,  Plate  XV).  There  is  no  pigment  about  the  long  forms.  In  the  early 
stages  of  pigment  formation  the  granules  appear  in  the  immediate  vi¬ 
cinity  of  the  outer  capsule,  both  within  as  well  as  outside  it.  As  the 
amount  of  pigment  about  an  organism  increases,  the  endosporium  dis¬ 
appears — a  fact  pointing  to  a  pigmentary  degeneration  of  these  bodies. 
The  rather  limited  growth  on  plain  agar  has  already  been  mentioned. 

Aximal  Experijiexts. — 1.  A  minute  fragment  of  the  first  bit  of  skin 
was  inserted  into  the  peritoneal  cavity  of  a  guinea-pig,  which  died  a 
month  later,  greatly  emaciated.  There  were  no  changes  at  the  point  of 
inoculation  or  in  the  peritoneal  cavity,  cultures  from  the  small  amount  of 
clear  fluid  in  Avhich  remained  sterile.  The  organs  contained  in  pure 
form  the  pseudo-diphtheria  bacillus,  previously  isolated  from  the  hand. 
The  liver  was  extensively  necrotic  and  cirrhotic,  but  these  changes  are 
attributable  to  the  bacillus  solely. 

2.  A  white  rat  was  inoculated  subcutaneously  with  1.5  cc.  of  a  bouil¬ 
lon  culture.  A  small  local  abscess  formed.  The  animal  died  in  ten 
days.  The  abscess  cavity  contained  a  few  cc.  of  a  whitish-yellow  viscid 
pus,  from  which  the  blastomyces  grew  in  pure  culture.  The  internal 
oi'gans  were  sterile. 

IMicroscopic  examination  of  the  abscess  wall  shows  a  thin  capsule  of 
young  fibrous  tissue  covered  by  a  quite  thick  layer  of  pus  cells  and 
nuclear  detritus,  among  which  rather  small,  doubly  contoured,  circrdar 
bodies  resembling  blastomycetes  are  seen.  The  liver  contains  a  few 
minute  foci  of  typical  granidation  tissue  composed  of  plasma  cells,  endo- 
thelioid  cells,  small  giant  cells  and  polymorphonuclear  leucoeytes,  but  it 
is  not  possible  to  find  any  typical  organisms  in  these  areas.  There  are 
quite  a  number  of  small,  similar  foci  in  the  hiiigs,  especially  around  the 
bronchi,  and  in  the  giant  cells  of  these  areas  occasional  rather  typical, 
round  hotlies  are  observed.  The  other  organs  are  normal. 

3.  A  gray  mouse  died  five  days  after  receiving  1  cc.  of  a  bouillon  cul¬ 
ture  subcutaneously.  The  abscess  which  had  formed  contained  the  or- 
gaiiism  in  pure  culture,  while  the  internal  organs  were  normal. 

4.  A  medium-sized  rabbit  died  48  hours  after  siibcutaneous  inocula¬ 
tion  of  2.5  cc.  of  a  bouillon  culture.  Cultures  from  the  internal  organs 
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remahiod  sterile.  There  was  an  extensive  coceicliosis  of  the  liver.  There 
wei'e  luunerous  minute  foci  in  the  lungs  composed  of  epithelioid  and 
giant  cells,  as  well  as  leucocytes  with  considerable  nuclear  degeneration. 
In  some  of  the  giant  cells  were  circular  bodies  resembling  the  organism 
j  injected,  as  well  as  small,  round  bodies  that  stained  rather  diffusely  with 

!  methylene-blue,  presenting  a  faint  peripheral  transparent  zone.  (There 

is  no  record  of  the  condition  at  the  site  of  the  inoculation.) 

T).  A  white  rat  received  1.5  cc.  of  a  bouillon  culture.  Viscid,  yellow 
pus  formed  about  the  point  of  inoculation  and  the  organism  was  re¬ 
claimed  in  pure  culture.  The  animal  died  five  days  after  the  injection. 
Tlie  internal  organs  contained  the  Staphylococcus  albus. 

().  A  gray  mouse  was  inoculated  sul)cutaneously  with  1  cc.  of  a  bouil¬ 
lon  culture.  It  died  in  five  days.  The  small  abscess  that  had  formed 
contained  the  organisms,  as  well  as  Staphylococcus  albus;  the  latter  or¬ 
ganism  was  present  in  all  the  internal  organs. 

7.  A  small  part  of  a  colony  on  agar  was  inserted  into  the  anterior 
chamber  of  the  left  eye  of  a  large  male  rabbit.  There  gradually  devel- 

i  oped  a  liypopyon,  with  softening  and  threatened  destruction  of  the  cor- 

i  nea.  The  animal  was  killed  after  two  weeks.  The  internal  organs,  mi- 

[  croscoi)ically  healthy.  The  anterior  chamber  filled  to  distention  Avith  a 

I  semisolid,  yellow isb -gray  material,  which  when  spread  out  on  cover  slips 

and  treated  Avith  hydrate  of  potassium  contained  numerous  spherical 
bodies.  Inoculations  Avith  this  material  on  glycerine-agar  gives  a  rich 
and  pure  groAvth  of  the  blastomyces.  Cultures  from  other  organs  sterile. 
Sections  of  the  eye  shoAV  the  anterior  chamber  to  be  filled  Avith  cellular 
detritus,  among  Avhich  are  a  number  of  round,  deeply  stained  bodies  sur¬ 
rounded  by  a  rather  faint  halo,  but  no  distinct  outer  membrane.  The 
lens  is  largely  softened  and  the  iris  is  the  seat  of  a  diffuse  cellular  infil¬ 
tration.  The  iris  also  contains  rather  small.  dce]>ly  stained,  round  bodies 
Avbich  at  times  are  surrounded  by  minute,  hyaline-like  formations  that 
take  the  methylene-blue  stain  very  intensely. 

8.  A  small  l)it  of  a  yeast  culture  on  glycerine-agar  Avas  inserted  into 
the  anterior  chamber  of  the  eye  of  a  large  Avhite  rabbit.  The  anterior 
chambei'  rapidly  filled  Avith  a  Avhite  exudate,  the  cornea  became  opaijue, 
and  a  mucopundent  conjunctivitis  deveh)ped  Avhich  soon  ceased.  Three 
Aveeks  after  the  inocidation  the  cornea  had  become  quite  opaque  and 
Aascularized,  and  the  anterior  chamber  contained  a  large,  roundish,  yel- 
loAv  mass  AA'hich  has  since  sloAvly  enlarged.  At  in-esent.  February  27, 
1899,  the  eye  is  of  about  normal  size.  a]iparently  blind,  and  the  yelloAV 
groAvth  does  not  shoAv  any  signs  of  diminution.  The  rabbit  seems  to  be 
in  good  general  healtb. 
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9.  A  guinea-pig  received  1  cc.  of  a  bouillon  culture  in  the  abdomen. 
It  remained  well,  and  was  killed  five  weeks  later.  There  were  numer¬ 
ous  small,  grayish-yellow,  translucent  areas  in  the  lungs;  the  other  or¬ 
gans  were  healthy.  Cultures  from  all  the  internal  organs  remained 
sterile.  Microscopically  the  areas  in  the  lungs  consisted  of  foci  of  granu¬ 
lation  tissue  withoid  any  giant  cells,  but  with  extensive  nuclear  frag¬ 
mentation.  Only  a  few  round  bodies  were  to  be  found,  after  prolonged 
search  in  numerous  sections,  stained  with  methylene-blue,  as  well  as  by 
other  means. 

10.  A  white  rat  received  1  ce.  of  a  bouillon  culture  in  the  abdomen. 
It  died  thirty-four  days  later.  The  lungs  contained  pin-head  sized  and 
larger  areas  of  a  grayish,  rather  soft  appearance.  Smears  from  these, 
treated  with  caustic  potash,  showed  numerous  large,  round,  doubly  con¬ 
toured  bodies.  The  microscopic  sections  showed  extensive  bronchopneu- 
monic  areas  of  an  infiammatory  tissue  with  marked  nuclear  fragmenta¬ 
tion  and  quite  a  number  of  large  round  bodies,  which  stained  diffusely. 
(Unfortunately  no  cultures  were  made  in  this  case.) 

11.  A  medium-sized  rabbit  was  injected  with  0.5  cc.  of  a  bouillon  sus¬ 
pension  through  the  ear  vein.  Considerable  swelling  resulted,  which 
healed  after  three  weeks  wdth  marked  deformity.  The  animal,  which 
seemed  well,  was  killed  37  days  later.  The  lungs  contained  a  few  small 
nodules;  the  liver  was  the  seat  of  a  marked  coccidiosis.  Cultures  from 
all  the  organs  remained  sterile.  Sections  from  the  lungs  show  miliary 
foci  of  young  granulation  tissue,  but  typical  blastomycetes  are  not  to  be 
found. 

12.  A  medium-sized  dog  was  injected  with  2  cc.  of  a  bouillon  suspen¬ 
sion  into  the  peritoneal  cavity.  The  animal  remained  well  and  was  killed 
40  days  later.  All  the  organs  were  normal  and  sterile. 

13.  A  large  black  rabbit  received  into  the  circulation  4  cc.  of  a  bouil¬ 
lon  suspension  of  a  culture  on  beer-wort-agar.  It  died  during  the  fol¬ 
lowing  night.  The  lungs  were  cedematous,  the  thymus  ecchymotic,  the 
liver  swollen,  soft  and  mottled;  the  spleen  and  the  kidneys  appeared 
normal. 

Bacteriological  Examination. — Smears  from  the  varioiis  organs  show 
numerous  clear,  round  bodies  not  destroyed  by  KOH;  they  are  most 
plentiful  in  the  smears  from  the  lungs  and  kidneys. 

Inoculation  from  the  various  organs  on  glycerine-agar  give  rise  to  nu¬ 
merous  colonies  of  blastomyces,  most  numerous  in  the  tubes  from  the 
kidneys.  The  cultures  from  the  liver  and  spleen  also  contain  the  colon 
bacillus.  Only  one  colony  of  budding  fungi  developed  in  the  tube  from 
the  heart’s  blood. 
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Histological  Examination. — The  Inngs  are  extremely  congested  and  the 
capillaries  contain  many  polymorphonnclear  leucocytes;  in  the  alveolar 
walls  are  nnmerons  small  foci  of  cell  accnmnlation  with  marked  nuclear 
fragmentation  and  quite  typical  hlastomycetes  are  fonnd  in  the  interior 
of  some  of  these  areas  of  necrosis;  the  alveoli  and  bronchi  contain  a 
finely  grannlar  material  in  which  lie  occasional  ronnd  homogeneons 
bodies. 

The  liver  and  spleen  show  no  special  changes. 

The  kidneys  show  qnite  extensive  changes  in  the  glomeruli,  consisting 
in  a  grannlar  disintegration  of  smaller  or  larger  portions  of  some  of  the 
capillary  tufts  and  of  a  more  or  less  pronounced  general  accnmnlation  of 
grannlar  detritus  in  the  snhcapsnlar  space,  the  cells  in  the  lining  of  which 
are  generally  well  preserved.  The  epithelium  of  the  convohited  tnbnles 
is  very  grannlar  and  the  Inmen  is  filled  with  grannlar  material.  The 
vessels  are  generally  congested.  Lying  in  the  glomeruli,  the  intertnhn- 
lar  vessels,  and  in  the  granrdar  material  are  a  few  oval  or  ronnd  bodies 
about  as  large  as  a  red  blood  cor])nscle.  which  stain  diffusely  with  the 
gentian-violet  of  Gram’s  method. 

14.  February  15,  1899,  a  guinea-pig,  weighing  392  grammes,  received 
in  the  abdomen  12  cc.  of  a  bouillon  culture  of  the  blastomyces  heated  to 
59°  C.  for  1  hour.  It  became  rapidly  emaciated;  on  February  17  it 
weighed  340  grammes,  on  the  20th  285  grammes,  on  the  22nd  250 
grammes;  it  died  on  the  22nd.  There  was  marked  emaciation  but  no 
microscopic  lesions  in  any  of  the  organs  or  tissues;  cultiires  from  the 
organs  and  from  the  heart’s  blood  remained  sterile. 

The  organism  above  described  differs  considerably  from  the  Blasto¬ 
myces  dermatitidis  of  Gilehnst  and  Stokes,  which  so  far  is  the  only 
blastomyces  of  similar  ongin  with  which  to  make  comparisons. 
IIesslei*’s  brief  description  in  his  preliminary  report  on  the  organism 
isolated  by  him  from  a  small  cutaneous  or  subcutaneous  abscess  only 
contained  a  few  general  statements.  Our  organism  grows  much  more 
rapidly  than  the  one  of  Gilchrist  and  Stokes,  the  foraiation  of  my¬ 
celium  is  not  neai’ly  so  marked  as  in  their  cultures,  in  which  were  not 
seen  the  peculiar  down-  and  out-growths  and  lateral  branchings  nor 
the  pigment  formation  (on  agar-agar)  charaetea*istic  of  the  blastomyces 
now  described.  Both  organisms  correspond,  however,  in  their  action 
on  gelatin,  which  is  not  liquefied,  in  the  non-production  of  indol,  and 
in  the  complete  absence  of  fermentation  of  various  sugai's.  Morpho- 
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logically  tliey  are  also  quite  or  nearly  alike.  Gilchrist  and  Stokes 
make  no  mention  of  such  great  varial)ility  in  the  size  as  observed  in 
our  organism. 

AVith  regard  to  the  pathogenic  action  of  these  two  organisms  atten¬ 
tion  may  he  called  to  the  great  similarity,  amounting  to  perfect 
identity,  in  the  histological  changes  produced  by  them  in  the  human 
skin.  The  marked  epithelial  hyperplasia,  the  diffuse  more  or  less 
chronic  inflammatory  processes  associated  with  the  formation  of  giant 
cells  and  of  the  characteristic  miliary  abscesses  in  the  epithelium  and 
elsewliere  in  the  skin,  together  with  the  presence,  especially  in  the 
abscesses,  of  the  round,  double  contoured,  budding  organism,  consti¬ 
tute  the  histological  picture  of  blastomycetic  dermatitis  as  now  under¬ 
stood.  Gilchrist  and  Stokes  found  that  the  blast omyces  isolated  l)y 
them  would  produce  nodules  of  a  chronic  inflammatory  nature  when 
inoculated  into  the  dog,  horse,  sheep,  and  guinea-pig,  whereas  white 
mice  and  rabbits  seemed  immune.  Our  organism  may  be  said  to  be 
])athogenic  to  rabbits,  guinea-pigs,  white  rats,  and  gray  mice.  It  is 
probal)]y  harmless  to  the  dog,  as  far  as  can  be  judged  from  our 
iutra])eritoneal  inoculation  of  this  animal."  Its  local  action  may  be 
characterized  as  necrotic  and  leucotactic,  associated  with  or  followed 
by  the  growth  of  an  inflammatory  granulation  tissue,  corresponding  in 
the  latter  respect  to  the  majority  of  the  pathogenic  yeasts  studied  by 
various  Italian  iin-estigators,  by  Lydia  liabinowitsch,  and  others. 
Its  general  action  may  be  regarded  as  slowly  toxic,  leading  after  a 
vaiying  length  of  time  to  death  from  marasmus,  and,  as  experiment 
Xo.  14  would  seem  to  show,  the  dead  cultures  possess  an  apparent 
marantic  effect.  It  coiTesponds  therefore  very  closely  to  those  varie¬ 
ties  of  pathogenic  Idastomycetes  which,  according  to  Casagrandi,*  pro- 

*  Since  writing  the  above,  the  following  experiment  has  been  marie;  On 
!Mareh  22,  8  ec.  of  a  bouillon  suspension  of  blastoniycetes  were  injected  into 
the  jugular  vein  of  a  small  dog,  which  died  greatly  emaciated  April  IT,  the 
autopsy  and  microscoi)ic  examination  showing  minute  foei  of  granulation 
tissue  throughout  the  lungs  and  softened,  cellular  areas  with  yellowish 
contents  in  the  medullary  pyramids  of  the  kidneys.  The  blastomycetes  were 
recovered  in  pure  growth  and  in  large  numbers  from  the  lungs  and  the 
kidneys.  No  growth  of  any  kind  restilted  from  the  inoculation  on  glycerine- 
agar  and  blood  serum  of  1  ce.  of  the  heart’s  blood. 

*  Ueber  die  pathogene  Wirkung  der  Blastomyceten,  Ccniralbl.  f.  Bakt., 
Abth.  I,  1808,  xxiv,  7.')4. 
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duce  local  necrotic  or  suppurating  foci  or  permanent  nodules  and  a 
fatal  marasmus.  It  can  probably  not  be  said  that  the  toxic  and 
marantic  effects  of  these  forms  of  blastomycetes  have  been  so  pro¬ 
nounced  as  to  bave  been  definitely  recognized  in  the  few  carefully 
obseiwed  instances  of  human  blastomycetic  infection  so  far  recorded, 
but  certainly  the  marked  decline  in  weight  noted  by  Prof.  Hyde  in 
this  case  is  very  suggestive  of  this  effect  and  is  therefore  in  full  accord 
with  the  experimental  observations. 

Lhat  certain  blastomycetes  may  prodiice  more  distinctly  suppurative 
changes  in  the  skin  and  also  elsewhere  in  man,  as  well  as  in  animals, 
has  been  clearly  shown  in  the  now  classical  case  of  Busse,”  by  Kessler’s 
case,  and  in  the  experimental  study  of  the  question  of  suppuration 
from  yeasts  by  Xesczadimenko.  f  In  connection  with  this,  reference 
may  also  be  made  to  the  instance  of  refractory  subcutaneous  abscesses 
caused  by  a  fungus  possibly  related  to  the  Sporotricha  described  by 
Schenck.:}; 

To  return  to  the  consideration  of  the  blastomycetes  studied  by 
Gilchrist  and  Stokes  and  by  me,  it  might  be  regarded  as  quite 
clearly  demonstrated  from  some  of  the  foregoing  considerations  that 
the  clinical  and  histological  pictures  of  blastomycetic  dermatitis,  which 
from,  these  aspects  would  appear  as  a  distinct  entity,  may  be  produced 
by  organisms  which  differ  so  much  in  certain  cultural  and  pathogenic 
characteristics  that  they  must  be  regarded  as  separate,  though  closely 
related,  varieties.  In  view  of  the  present  unsatisfactory  status  of 
classification  of  the  blastomycetes  it  is  desirable  to  refrain  from  becom¬ 
ing  dogmatic.  CasagTandi,  for  instance,  found  it  quite  impossible  to 
classify  the  blastomycetes  upon  either  morphological  or  biological 
grounds  on  account  of  the  pr*ono\inced  A'ariability  of  the  individual 
forms. 

*  The  dermatological  aspects  of  Biisse’s  case  have  been  fully  considered 
by  Biisehe  in  an  article  entitled  “  Ueber  Ilautblastoinykose  ”  {Tcrhandl.  (1.  VI. 
Dviitschvn  Dermatolog.-CUnij/rcsscs).  Unfortunately  this  article  came  to  my 
noti<‘e  too  late  to  be  considered  at  this  time. 

!'  Zur  Pathogenese  der  Blastomycetcn,  Ccntralbl.  f.  Biikt.,  Abth.  I.  1899, 
XXV,  55. 

t  Bulletin  of  the  Johns  Hopkins  Hospital,  1898.  ix,  280. 
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DKSCEIPTIOX  OF  PLATES  XII-XV. 

(Photographs  by  Dr.  \V.  H.  Knap.) 

Plate  XII. 

Fig.  1.  A  miliary  abscess  in  the  epithelium  of  the  hand,  containing  in 
its  upper  half  a  groui)  of  three  organisms.  x220. 

Fig.  2.  The  three  organisms  in  Fig.  1,  more  highly  magnified.  xl500. 

Plate  XIII. 

Fig.  :5.  A  colony  of  the  organisms  on  glycerine-agar.  x250. 

Fig.  4.  The  organism  as  seen  in  a  hanging-drop  culture  of  bouillon. 
xlOOO. 

Fig.  5.  Vacuolated  and  solid  diffusely  stained  organisms  from  gl3'cerine- 
agar  culture,  xiooo. 

I'LATE  XIV. 

Fig.  C.  Budding  organisms.  Gentian-violet.  xloOO. 

Fig.  ~.  Large  vacuolated  and  small  solid  bodies  from  a  blood-serum 
culture  5  weeks  old.  xiooO. 

Fig.  8.  Chains  of  the  minute  form.  xlOOO. 

Plate  XV. 

Fig.  9.  The  develoimient  of  mjcelium  with  sessile  and  pediculated  buds. 

xiooo. 

Fig.  10.  The  development  of  pigment  granules  around  and  uijon  some 
of  the  larger  cells  in  cultures  on  plain  agar.  Several  elongated  forms  are 
present.  xlOOO. 
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A  CASE  OF  ILEMOCHEOMATOSIS.— THE  EELATIO^s^  OF 

ile:\[ociieomatosts  to  beoxzed  diabetes. 


By  EUGENE  E.  OBIE,  INF.  D. 

{From  the 'Pathological  Laboratory  of  the  Johiift  HopKiim  f'liircrsity  and  Hoftpital.) 

Widely  disseminated  pigmentation  of  the  organs  of  the  body  is  a 
eonspienons  phenomenon  and  at  antopsy  cannot  readily  he  overlooked. 
Idle  physiology  of  pigmentation  is  hnt  little  understood.  Pathologi¬ 
cal  pigmentation  is  involved  in  even  greater  obscurity.  For  this  reason 
the  following  case  has  been  considered  worthy  of  stndy.  It  represents, 
I  believe,  an  intermediate  stage  between  two  conditions  which,  though 
rare,  have  elicited  much  discussion,  namely,  haemochromatosis  of  von 
Eecklinghansen  and  the  bronzed  diabetes  of  Hanot  and  other  French 
writers.  The  case  to  be  described  occurred  in  the  i)ractice  of  13r. 
Thomas  Opie. 

Case. — ^lale;  white;  aged  o.")  years.  The  history  which  it  has  been 
possible  to  obtain  is  meagre.  The  individual,  tliongh  never  very  robust, 
had  enjoyed  fairly  good  health.  There  was  no  history  of  alcoholic  ex¬ 
cess.  He  was  married  and  had  several  children.  Ilis  wife  was  healthy. 
For  several  months  he  had  resided  in  Puerto  Pico  and  iintil  six  or  seven 
weeks  before  his  death  was  able  to  continue  his  work  of  surveying.  The 
onset  of  his  final  illness  occurred  with  symptoms  indicative  of  typhoid 
fever.  When  first  seen  two  weeks  later,  he  was  evidently  very  ill.  There 
was  elevation  of  temperature  and  rose-s])ots  were  ]>resent  upon  the  abdo¬ 
men.  Deep  pigmentation  of  the  skin  attracted  immediate  attention, 
marked  universal  bronzing  sFiggesting  Addison’s  disease.  Jaundice  was 
not  present.  The  urine  at  no  time  during  the  ])eriod  of  observation 
contained  sugar.  I’he  first  examination  Avas  made  four  weeks  before 
death.  Three  days  before  death  the  urine  was  clear,  of  deep  amber  color 
and  contained  neither  sugar  nor  albumin.  The  reactions  of  bile  pig¬ 
ments  were  not  obtained,  d’he  blood-serum  caused  the  agglutination  of 
the  tyidioid  bacillus.  Death  occurred  Avith  increasing  Aveakness. 

Aplopsti. — Performed  hours  after  death.  The  body,  ITO  cm.  in 
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length,  is  that  of  a  very  thin,  sparely  built  man.  The  skin  over  the 
entire  body  shows  deep  pigmentation  of  a  bronzed  metallic  hue,  most 
marked  upon  the  back  of  the  hands,  about  the  nipples,  and  upon  the 
penis,  where  just  above  the  corona  the  skin  lias  a  dee]i  brown  color.  The 
conjnnctivse  are  clear.  The  abdominal  wall  contains  a  small  amount  of 
deep  yellow  fat. 

Peritoneal  Cavity. — The  parietal  peritoneum,  as  well  as  that  of  the  in¬ 
testines,  shows  a  varying  degree  of  bluish  discoloration.  The  appendix 
is  fixed  behind  the  caecum  by  fibrous  adhesions.  The  enlarged  spleen 
is  adherent  to  the  diaphragm. 

Thorax. — The  lungs  are  free  from  adhesions  and  the  pleural  and  peri¬ 
cardial  cavities  contain  no  excess  of  fluid. 

Heart. — "Weight  280  grm.  The  muscle,  of  a  yellowish -brown  color,  is 
soft  and  flabby  in  texture.  The  intima  of  the  coronary  arteries  is  rough¬ 
ened  by  a  few  yellow,  raised  patches. 

Lungs. — The  left  lung  is  everywhere  crepitant.  Upon  the  surface  of 
the  u]iper  lobe  of  the  right  lung  are  seen  several  prominent  areas,  about 
2  cm.  across,  over  which  the  pleura  is  dulled.  The  tissue  below  is  firmly 
consolidated,  and  on  section  has  a  grayish-red,  finely  granular  surface. 
Several  larger  areas  of  similar  consolidation  are  present  in  the  lower  lobe. 
The  bronchi  are  intensely  injected. 

Liver. — Weight  2270  grm.  The  surface  is  of  a  deep  reddish-brown 
color  of  peculiar  character,  resembling  that  of  iron-rust.  The  surface 
of  the  left  lobe,  more  markedly  than  that  of  the  right,  is  superficially 
nodular  and  puckered,  presenting  in  moderate  degree  the  appearance 
of  a  hob-nail  liver.  On  section  islands  of  lighter  brown  parenchyma, 
representing  one  or  several  lobules,  are  surrounded  by  fibrous  stroma  of 
a  deeper  brown  color.  Sparsely  scattered  are  opaque  yellowish-white 
areas,  often  1.5  mm.  across.  The  gall  bladder,  distended  by  tbin  green 
bile,  measures  12  cm.  in  length. 

Spleen. — Weight  700  grm. — The  organ  is  soft  and  on  section  the  al¬ 
most  diffluent  pulp  has  a  deep  red  color.  The  IMalpighian  bodies  are 
prominent. 

Stomach. — The  mucous  membrane  shows  everywhere  a  deep  greenish- 
black  discoloration,  evidently  not  due  to  post-mortem  ebange.  Along  the 
lesser  curvature  there  are  a  few  areas  of  relatively  normal  yellowish- 
Avhite  appearance,  but  elsewhere  the  pigmentation  is  uniform. 

Intestine. — The  duodenum  has  a  greenish-black  discoloration  almost 
equal  in  intensity  to  that  of  the  stomach.  This  pigmentation  is  not  uni¬ 
form,  and  upon  the  areas  of  lightest  color  are  seen  deeply  pigmoited. 
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slightly  raised  nodules  about  1  mni.  in  diameter.  The  jejunum  is  less 
markedly  pigmented  than  the  duodenum,  while  the  ileum  is  of  even 
lighter  color,  though  still  preserving  a  greenish-gray  tint.  Throughout 
the  lower  portion  of  the  ileum,  for  the  most  part  upon  the  PeyeEs  patches, 
are  small  round  or  slightly  irregular  ulcers  with  sharp  edges  and  clean 
base,  in  which  are  occasionally  seen  exposed  fibres  of  the  circular  muscle 
coat.  Ulceration  is  most  extensive  immediately  above  the  ileo-caecal 
valve.  The  colon  exhibits  moderate  greenish-gray  discoloration.  The 
distal  1.0  cm.  of  the  appendix  is  obliterated. 

Pancreas. — Weight  170  grm.  The  organ  is  of  large  size,  measuring 
16  cm.  in  length,  and  is  very  firm  in  consistence.  On  section  the  cut 
smface  has  a  uniform  deep  chocolate-brown  color.  The  capsule  contains 
much  fat,  and  extending  inward  from  it  are  septa  of  adipose  and  fibrous 
tissue. 

Adrenals. — Combined  weight  10  grm.  No  abnormality  is  observable. 

Kidneys. — Combined  weight  470  grm.  The  capsule  on  removal  leaves 
a  smooth  surface.  The  cortex  of  an  average  thickness  of  7  mm.  has  a 
rod  cloudy  appearance. 

Bladder. — klucous  membrane  is  normal. 

Testicles. — The  cut  surface  has  a  light  brown  tint.  The  prostate  and 
seminal  vesicles  are  normal. 

Lymphatic  Glands. — In  the  retroperitoneal  tissue  near  the  hepatic 
vein,  behind  the  stomach,  above  and  below  the  pancreas,  and  on  either 
side  of  the  aorta  as  low  down  as  its  bifurcation,  are  enlarged,  moderately 
firm  lymphatic  glands.  On  section  they  have  a  uniform,  brilliant  orange- 
yellow  surface.  In  the  gastro-hepatic  omentum  are  enlarged  glands  of  a 
similar  nature. 

Culhires. — From  the  heart’s  blood  the  typhoid  bacillus  was  obtained 
in  pure  cidture.  The  same  organism  was  obtained  from  the  liver,  gall 
bladder,  and  kidney.  The  Bacillus  lactis  aerogencs  was  found  in  the  lung 
and  kidney.  The  colon  bacillus  was  grown  from  the  pancreas.  A  cul¬ 
ture  from  the  spleen  remained  sterile. 

Anatomical  Diagnosis. — Typhoid  fever;  ulcers  in  the  ileum;  acute 
splenic  tumor;  cloudy  degeneration  of  the  kidneys;  broncho-pneumonia. 
Ilppmochromatosis:  pigmentation  of  the  livei'.  pancreas,  heart,  stomach, 
intestine,  peritoneum,  lymphatic  glands,  skin  and  testicles.  Cirrhosis  of 
the  liver.  Chronic  interstitial  pancreatitis. 

TIistologtc.\l  Examixation’. — The  organs  which  show  the  most 
marked  pigmentation  are  the  liver,  pancreas,  heart  and  gastro-intestinal 
canal. 
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Liver. — Advanced  cirrhosis  is  indicated  Ijy  the  presence  of  wide  bands 
of  fibrous  tissue,  occnp5’ing  one-half  to  one-third  of  the  area  of  the  cut 
surface  and  separating  the  parenchjuna  into  islands  which  represent  one 
or  several  liver  lobules.  These  se])ta,  which  are  densely  fibrous  and  in 
general  poor  in  cells,  surround  both  the  portal  s])aees  and  the  suhlobular 
veins.  There  is  but  little  invasion  of  the  ])eriphery  of  the  lobule  by 
filu’ous  strands,  hut  siirrounding  the  central  vein  a  mass  of  tissue  pene¬ 
trates  the  lobide  and  sends  out  irregular,  radiating  pi’ojections  along  the 
capillaries  between  the  columns  of  liver  cells.  Tiie  most  consi)iciious 
feature  of  the  histological  i)icture  is  the  immense  amount  of  yellowish- 
brown  pigment  present,  both  in  the  parenchyma  and  in  the  interstitial 
tissue.  In  the  liver  cells  the  pigment  is  found  in  varying  quantities. 
When  in  moderate  amount,  it  is  situated  in  that  part  of  the  cell  most 
distant  from  the  ca])illaries,  consequently  occupying  the  central  part  of 
of  the  columns  of  liver  cells.  The  pigment  is  de])osited  in  the  form  of 
hrilliant,  brownish-yellow,  relatively  coarse  grannies,  round  or  polygonal 
in  outline,  and  of  slightly  variable  size.  The  endothelial  cells  of  the 
ca])illaries  and  Ku])tTor's  cells  contain  granules  of  similar  character. 
The  accumulation  of  jiigment  in  the  newly  formed  fibrous  tissue  is  even 
greater  tlian  that  within  the  parench3'ma.  Here  it  exists  in  part  as 
fine  granules  within  spindle-shaped  cells,  of  which  some  are  apparently 
filu’ous  tissue  cells,  while  others  represent  the  endothelial  lining  of 
ca])illaries  or  lynqfiiatics.  The  greater  quantity  of  the  ])igment  is,  how¬ 
ever,  not  contained  in  cells.  AYhile  this  extracellular  pigment  is  of  the 
same  ^'ellowish-hrown  color  as  that  abundant  in  the  cell,  the  individual 
]iarticles  vary  greatly  in  size,  globules  being  often  found  whose  diameter 
is  two  or  three  times  that  of  a  red  corpuscle.  Tliese  ])igment  ])articles 
are  as  a  rule  collected  into  small  clumps  and  between  the  clumps  are  at 
times  small  round  colls. 

The  hepatic  cells  which  contain  a  moderate  amount  of  pigment  are 
in  general  normal  in  a])pearance.  In  s])ecimens  stained  with  mcthylene- 
hlne  the  coll  ])roto])lasm  is  found  to  contain  in  great  abundance  granules 
of  varying  size  and  sha])e  taking  a  dee])  blue  stain.  Ttsually  they  are  an¬ 
gular,  Imt  often  are  rod-sha])ed  and  resemble  bacilli.  A  few  cells  con¬ 
taining  fat  dro])lets  are  occasiomdly  seen  at  the  periphery  of  the  lobule. 
When,  witli  increased  accumulation  of  pigment,  granules  occupy  all  ])()r- 
tions  of  the  cell  body,  basal  as  well  as  central,  clianges  in  the  cell  are 
(lemonstrahle.  The  nucleus  often  ])resents  evidence  of  degeneration. 
It  is  smaller,  ii’regular  in  outline,  with  loss  unclear  material  present, 
so  that  it  remains  as  a  pale  shrivelled  body,  visible  in  some  cases  only 
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with  careful  focusing  of  the  microscope.  Other  masses  of  pigment 
granules  maintaining  the  outline  of  liver  cells  contain  no  nucleus.  Rep¬ 
resenting  apparently  the  final  stage  of  cell  disintegration,  a  mass  of  pig¬ 
ment  granules  is  found  free  in  the  tissue.  No  longer  presenting  the 
outline  of  a  cell,  it  corresponds  in  size  with  the  pigment  accumulations 
found  in  those  cells  which  are  most  intensely  impregnated.  Conspicu¬ 
ous  in  stained  sections  are  groups  of  pigment  masses,  which,  for  the  most 
part  maintaining  cell  outlines,  represent  often  ten  or  twenty  cells  and 
stand  out  as  pigment  islands  in  sharp  contrast  to  the  well-stained  liver 
cells  adjacent. 

In  those  cells  whose  protoplasm  is  almost  wholly  replaced  by  pigment 
much  irregularity  in  the  size  of  the  granules  is  observable.  Globules 
often  the  size  of  red  corpuscles  are  found.  With  further  evidence  of 
cell  degeneration  the  size  of  the  globules  increases,  so  that,  when  final 
disintegration  takes  place,  there  is  liberated  a  mass  of  granules  and 
glol)ides  resembling  those  found  in  great  abundance  in  the  fibrous  tis¬ 
sue.  Along  the  central  vein  and  following  the  strands  of  tissue  radiat¬ 
ing  from  it  are  seen  masses  of  pigment  whose  location  indicates  that  they 
are  transported,  presumably  along  lymphatic  spaces,  from  the  interior  of 
the  lobule  toward  the  central  vein.  Abundant  accumulation  of  pigment 
exists  in  all  parts  of  the  interlobular  tissue,  both  along  the  course  of  the 
snblobular  veins  and  in  the  tissue  about  the  portal  spaces. 

The  adventitia  and  media  of  the  hepatic  artery  and  portal  vein  con¬ 
tain  but  little  of  the  brownish-yellow  pigment.  The  endothelial  cells 
of  the  portal  vein,  however,  contain  a  moderate  amount,  and  within  the 
lumen  are  seen  large  flat  oval  cells  containing  pigment  granules.  It 
seems  })robablo  that  the  majority  of  these  at  least  are  endothelial  cells, 
which  after  death,  possibly  in  the  process  of  hardening  or  cutting,  have 
been  dislodged  from  their  normal  ])osition.  The  brownish-yellow  pig¬ 
ment  is  not  present  in  the  endothelium  of  the  hepatic  arteries  and  in 
tlieir  lumen  no  ]ngment-containing  cells  are  seen.  Pigment  is  more 
abundant  in  the  wall  of  the  snblobular  veins.  Their  endothelial  cells 
contain  it  in  abundance  and  within  their  lumen  are  pigmented  cells 
resembling  those  found  in  the  portal  vein. 

Newly  formed  bile-ducts  are  numerous  in  the  interstitial  tissue.  Oc¬ 
casionally  in  the  tissue  about  the  central  vein  one  sees  several  such  struc¬ 
tures  represented  by  parallel  rows  of  cubical  cells.  These  ducts  con¬ 
tain  the  brownish-yellow  granules  in  moderate  amount.  The  ei)ithelial 
cells  of  the  larger  ducts  contain  similar  pigment. 

The  brownish-yellow  ])igment,  whose  location  has  been  described,  gives 
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the  microchemical  reactions  characteristic  of  iron.  Treated  with  potas¬ 
sium  ferrocyanide  and  hydrochloric  acid  it  takes  a  green  color.  Aqueous 
solution  of  hseniatoxylin  gives  it  a  deep  black.  The  reaction  with  po¬ 
tassium  ferrocyanide  and  hydrochloric  acid  varies  with  the  time  of  ex¬ 
posure  and  with  the  strength  of  the  reagents.  If  sections  are  immersed 
for  an  hour  to  an  hour  and  a  half  in  equal  parts  of  a  two  per  cent  solution 
of  potassium  ferrocyanide  and  hydrochloric  acid,  one  part  to  a  hundred 
})arts  of  water,  all  the  granules  within  the  liver  cells  assume  a  green 
color. 

There  is  present  a  second  less  conspicuous  variety  of  pigment  differing 
from  that  already  described  both  in  situation  and  in  morphology.  In 
certain  cells  in  the  media  and  adventitia  of  both  veins  and  arteries  are 
de])Osited  fine,  pale  yellow  granules  of  almost  iiniform  size.  Some  of  the 
cells  containing  this  pigment  are  elongated  and  spindle-shaped  with  rod¬ 
like  nuclei,  while  others  are  large,  irregular  in  shape,  and  provided  with 
irregular  processes.  The  first  are  apparently  smooth  muscle  cells,  the 
second  connective-tissue  cells.  The  latter  are  abundant  in  the  walls  of 
the  ducts,  in  the  tissue  about  nerves,  in  the  intervening  tissue  of  the 
portal  space  and  as  a  conspicuous  layer  in  the  liver  capsule  a  short  dis¬ 
tance  l)elow  the  serosa.  The  pigment  in  these  cells  does  not  give  the 
microchemical  reactions  characteristic  of  iron,  being  unchanged  by  po¬ 
tassium  ferrocyanide  and  hydrochloric  acid.  In  sections  stained  with 
methylene-blue  these  granules  take  a  blue,  often  bluish-black  color,  and 
become  very  conspicuous.  This  fact  Avas  observed  by  Buss  (8). 

Areas  of  focal  necrosis  referable  to  typhoid  fever  are  present.  They 
may  represent  either  a  small  number  of  necrotic  cells  or  a  considerable 
l)ortion  of  a  lobule. 

Pancreas. — Chronic  interstitial  inflammation  is  present.  Bands  of  fib¬ 
rous  tissue  separate  the  lolnilcs  Avhich  often  stand  out  as  isolated  islands 
of  parenchyma.  Although  the  most  marked  increase  of  fibrous  tissue  is 
interlobular,  there  is  here  and  there  an  invasion  of  fibrous  strands  be- 
tAveen  the  acini.  Pigment  giving  the  reactions  of  iron  is  deposited  in 
great  quantity  Avithin  the  secreting  cells  and  is  located,  Avhen  moderate 
in  amount,  in  that  portion  of  the  cell  directed  toAvard  the  lumen  of  the 
acinus — Avith  greater  accumulation  all  parts  of  the  cell  body  are  occu¬ 
pied  and,  as  in  the  Ih’er  cells,  globules  of  large  size  are  then  seen.  Such 
a  cell  may  liaA^e  a  palely  staining  nucleus  of  irregular  outline  or  a  nucleus 
may  not  be  demonstrable.  In  the  interstitial  tissue  the  pigment  is  for 
the  most  part  in  groiips  of  granules  and  large  globules,  varying  much  in 
size.  These  are  apparently  masses  of  pigment  set  free  by  the  disinte- 
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gration  of  cells.  About  snch  pigment  round  cells  are  often  nnmerons. 
I’igment  is  frecpiently  abundant  in  the  cells  composing  the  intertnbular 
cell-gronps  or  islands  of  Langerhans.  These  strnctnres  are  present  in 
moderate  number.  They  haA’e  not  as  a  rnle  their  nsnal  position  within 
the  lobnle,  being  surrounded  by  fibrous  tissue,  which  may  contain  much 
pigment.  At  times  there  is  an  increase  of  fibrous  tissue  along  the  capil¬ 
laries  penetrating  them.  Here  and  there  in  sections  are  seen  areas  which 
present  a  peculiar  appearance.  The  cells  of  one  or  several  lobules  or  a 
part  of  a  lobule  have  lost  the  alveolar  arrangement  characteristic  of  the 
pancreatic  parenchyma.  At  first  sight  it  may  be  supposed  that  this 
disturbance  of  the  usual  structure  is  artificial  in  origin,  produced  pos¬ 
sibly  in  cutting  the  section,  but  it  has  been  observed  in  tissues  hardened 
by  a  variety  of  methods  and  cut  after  embedding  in  both  paraffin  and 
oelloidin.  Moreover,  the  cells  of  such  areas  differ  from  those  of  the  sur- 
I’ounding  gland  tissue.  They  are  smaller,  polygonal  in  shape.  Their 
nucleus  is  often  smaller  and  contains  more  chromatic  substance  than 
those  adjacent.  A  conspicuous  feature  is  the  abundance  of  cells  contain¬ 
ing  two  nuclei  and  at  times  three  or  even  four  are  seen  in  the  same  cell, 
^litotic  figures  have  not  been  observed.  The  significance  of  these  areas 
is  doubtful;  it  is  possible  that  they  are  the  seat  of  cell  proliferation  and 
may  bear  some  relation  to  the  increased  size  of  the  organ. 

Finely  granular  iron-free  pigment,  like  that  found  in  the  walls  of 
the  hepatic  blood-vessel,  is  present  also  within  cells  of  the  same  char¬ 
acter  in  the  walls  of  the  veins  and  arteries  of  the  pancreas.  Pigment  of 
identical  characteristics  is  found  in  the  Avails  of  the  larger  ducts. 

Heart. — Well-marked  fragmentation  and  segmentation  of  the  myocar¬ 
dium  is  present.  P>roAvnish-ycllow  pigment  is  deposited  in  great  quantity 
Avitliin  tlie  muscle  fibres.  Tt  has  the  location  of  that  Avhich  is  present 
Avith  broAvn  atrophy  of  the  organ  and.  AA'hen  moderate  in  amount,  is  ac¬ 
cumulated  in  the  neighborliood  of  the  nucleus.  All  the  pigment  present 
does  not  give  the  reactions  of  iron,  and  in  specimens  treated  Avitli  ferro- 
cyanide  of  potassium  or  Avitli  aqueous  haemotoxylin  a  considerable 
amount  of  unchanged  pigment  remains.  In  sections  of  heart  muscle 
treated  Avith  methylene-blue  none  of  the  pigment  Avithin  the  muscle 
cells  takes  the  l)lue  color  observed  Avhen  the  iron-free  ])igmcnt  of  the 
Avails  of  the  hepatic  blood-ATSsels  is  so  treated.  This  pigment  is  appar¬ 
ently  that  Avhich  is  found  normally  in  the  muscle  fibre  and  is  increased 
in  the  condition  of  broAvn  atrophy.  The  pigment,  remaining  unchanged 
after  treatment  Avith  reagents  Avhich  demonstrate  iron,  is  greater  in 
amount  than  that  normally  present  in  the  muscle  fibres.  In  the 
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interstitial  tissue  are  seen  here  and  there  groups  of  globules  of  iron-con¬ 
taining  pigment  similar  to  those  found  free  in  the  tissues  elsewhere. 
The  Avails  of  the  blood-vessels  contain  iron-free  pigment  staining  with 
methylene-blue. 

(Jastru-I nteslinul  Traci. — The  pigmentation  of  the  stomach  and  intes¬ 
tine  dilfers  from  that  of  the  organs  previously  considered.  Here  the 
pale  yellow,  iron-free  ])igment  ])redominates  and  gives  microsecjpic  dis¬ 
coloration  to  the  organ.  llroAvnish-yellow,  iron-containing  pigment  is 
fairly  abundant  in  the  ei)ithelial  cells  of  the  cardiac  glands  and  is 
present  in  very  small  amount  in  the  cells  of  the  pyloric  glands,  Avhile  an 
occasional  clump  of  granules  is  seen  free  in  the  tissue.  The  iron-free 
granules  are  in  cells  Avhich  have  usually  the  character  of  smooth  muscle 
libres,  although  a  fcAV  are  ai)parently  connective-tissue  corpuscles  situ¬ 
ated  betAveen  the  muscle  libres  or  in  the  submucosa.  The  distribution 
of  the  ])igniented  cells  varies  in  dilferent  ])arts  of  the  gastro-intestinal 
tract.  Throughout  the  stomach  the  muscularis  mucosae  is  pigmented.  In 
the  cardiac  portion  the  circular  and  longitudinal  layers  are  not  so 
affected,  Avhile  in  the  pyloric  region  there  is  in  the  circular  muscle  layer 
a  conspicuous  zone  of  pigmentation  immediately  beloAv  the  submucous 
tissue.  The  Avails  of  the  arteries  and  veins  of  the  suhmncosa  contain 
pigment  of  the  same  nature.  Tbroughout  the  small  intestine  iron-free 
granules  are  found  in  the  cells  of  tbe  muscudaris  mucosae.  A  small 
amount  of  pigment  is  present  in  the  cii'cidar  muscle  layei’.  but  does  not 
form  the  zone  ])resent  in  the  jjyloric  ])ortion  of  the  stomach.  In  all 
parts  of  the  small  intestine  ])igment  is  most  abundant  in  the  cells  of  the 
longitudinal  layer.  The  vessels  of  the  submucosa  contain  numerous 
pigmented '  cells.  Less  ])igment  is  ])resent  in  the  ileum  than  in  the 
jejunum,  Avhile  in  the  colon  it  is  found  in  still  smaller  (piantity,  though 
it  lias  the  same  location  as  elscAvliere.  '^^Phe  e])ithe]ium  of  the  llrunner’s 
glands  of  the  duodenum  are  consiiicuously  iiujiregnated  Avitb  iron-con¬ 
taining  ])igment,  the  proto]»lasm  of  the  cells  being  almost  completely 
re])laced  by  ])igment  granules. 

Jyi/inphalic  (Hands. — Several  lymph  glands  Avere  examined.  One  of 
these  Avas  situated  beside  the  inferior  A'ona  caA'a  Avhere  it  receiA’os  the 
heiiatic  vein.  Lymphatic  tissue  is  almost  Avholly  re]»laced  by  masses  of 
broAvnish-yelloAV  pigment  giving  tbe  reactions  of  iron,  so  that  the  organ 
is  practically  a  mass  of  jiigment  surroumh'd  by  a  Ibickeiied  cajisule  and 
])enetrated  liy  thickened  llbrous  sejita.  Among  the  ]»igment  granules 
are  scattered  lymiihoid  cells,  small  groups  remaining  here  and  there. 
'Pile  ])ignient  lying  within  the  meshes  of  the  reticulum  is  almost  A\diolly 
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extracellular,  being  in  the  form  of  i)articles  which  vary  greatly  in  size 
and  resemble  the  extracellular  jhgment  in  the  interstitial  tissue  of  the 
liver,  pancreas  and  heart.  It  is  apparently  carried  to  these  lymphatic 
glands  along  lymphatic  channels  in  the  same  way  that  coal  ])igment  is 
carried  from  the  lung  to  the  hronchial  glands.  An  occasional  fixed  tis¬ 
sue  cell  containing  brownish-yellow  granules  is  observed.  In  the  smooth 
muscle  and  connective-tissue  cells  of  the  blood-vessels  and  in  eonnective- 
tissne  corpuscles  of  the  capsule  iron-free  granules  are  foixnd. 

Spleen. — The  great  engorgement  of  the  blood-vessels  and  consecpient 
tumefaction  ex])lain  the  fact  that  in  spite  of  an  ahundant  ])igment  de- 
])osit  there  is  not  the  macrosco})ic  pigmentation  observed  in  other  organs. 
Iron-containing  granules  are  present  in  the  branched  reticular  cells  of 
the  pulp  and  in  the  endothelial  cells  of  the  capillaries.  Indeed  the  cap¬ 
illaries  on  cross-section  often  form  conspicuous  rings  of  ])igment-con- 
taining  cells.  In  less  (piantity  round  and  oval  pulp  cells  contain  brown¬ 
ish-yellow  granides.  In  the  Malpighian  bodies  pigment  is  almost 
entirely  absent,  and  when  found  occurs  in  clum]is  of  irregular  extra¬ 
cellular  globules,  resembling  those  so  ahundant  in  the  lymphatic  glands. 
Iron-free  ])igment  is  not  abundant,  but  is  found  occasionally  in  the 
elongated  connective-tissue  cells  of  the  trabecula*. 

Adrenal. — I’igmentation  is  almost  wholly  limited  to  the  so-called 
glomerular  zone,  which  forms  a  sharply  defined  corona  of  brownish-yellow 
color  immediately  helow  the  capsule.  When  moderate  in  amount,  the 
]»igment,  which  gives  the  characteristic  reactions  of  iron,  is  situated  in 
that  ])ortion  of  the  cell  most  distant  from  the  cajullaries,  but  as  a  rule  it 
is  ])resent  in  sucb  (piantity  that  all  iiortions  of  the  cell  body  are  occipiied. 
r)egeuerati\e  cell  changes  similar  to  those  observed  in  the  liver  and  pan¬ 
creas  are  associated  with  the  accumulation  of  |)igment.  The  cajisule  in 
])laces  is  very  slightly  thickened  and  cellular,  and  contains  globules 
of  ])igment,  apparently  set  free  by  the  disintegration  of  ])arenchyma  cells. 
In  the  cell  columns  there  is  here  and  there  a  deiiosit  of  pigment  granules. 

Kidneii. — Ifigment  is  present  in  very  small  (piantity  and  is  limited  to 
an  occasional  tubule  or  glomerulus.  Here  and  there  the  epithelial  cells 
of  a  convoluted  tubule  contain  ])igment  granules  iu  great  quantity  and 
(litTer  from  those  of  neighboring  tubules  in  being  of  smaller  size  and 
more  cubical.  The  glomeruli  often  contain  pigment  granules  located 
a]»])arently  in  the  e])ithelial  cells  and  occasionally  there  is  a  similar  de¬ 
posit  in  the  loop  of  llenle.  The  blood-vessels  dilfer  from  those  of  the 
organs  more  inqiregnated  with  iron  in  containing  almost  no  iron-free 
pigment.  An  occasional  cell  thus  iiigmented  can  be  seen,  but  search  is 
i:equired  for  its  demonstration. 
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Lung. — Pigment  is  scant.  Occasionally  within  the  alveolar  septa  are 
found  yellowish-brown  granules  resembling  the  iron-containing  granules 
in  other  situations.  At  times  they  completely  fill  an  oval  cell  with  an 
oval  nucleus,  while  again  they  are  extracellular.  In  many  instances  it 
is  evident  that  these  cells  or  free  masses  lie  within  the  lumen  of  capil¬ 
laries.  Pigment-containing  cells  of  a  similar  nature  are  seen  in  the 
larger  vessels  and  it  is  not  inconceivable  that  in  part  at  least  they  are 
endothelial  cells  of  the  liver  or  other  organ,  which,  injured  by  pigment 
accumulation,  have  been  dislodged  from  their  position.  Within  the 
lumen  of  the  larger  vessels  pigment  granrdes  are  occasionally  seen  in 
round  mononuclear  cells  very  slightly  larger  than  polymorphonuclear 
leucocytes.  Iron-free  pigment  is  not  found  in  the  walls  of  the  blood¬ 
vessels. 

Stein. — In  the  lowermost  cells  of  the  j\lalpighian  layer  there  is  a  well- 
marked  increase  of  the  normal  pigmentation.  The  granules  here  found 
do  not  give  the  reactions  of  iron  nor  do  they  stain  with  methylene-blue. 
In  the  cells  of  the  sweat  glands  are  occasionally  found  iron-containing 
granules  in  small  number  and  between  the  tubules  are  connective-tissue 
cells  containing  similar  pigment.  Iron-free  pigment  is  found  in  very 
small  amount  in  the  walls  of  blood-vessels  of  the  subcutaneous  tissue. 
Neither  pigment  granules  nor  pigment-containing  cells  are  found  within 
the  lumen  of  the  blood-vessels. 

Testicle. — Tlie  cells  of  the  seminiferous  tubules  contain  no  pigment. 
Along  the  vessels  in  the  angular  interstices  between  the  tubules  are  con- 
S])icuous  groups  of  Y)olygonal  and  oval  cells  completely  filled  with  yellow 
granules,  apparently  the  so-called  interstitial  cells,  which  normally  con¬ 
tain  a  small  amount  of  pigment.  The  endothelial  cells  of  the  vessels 
also  contain  conspicuous  granides.  The  pigment  of  the  interstitial  cells 
remains  unchanged  after  treatment  with  potassium  ferrbeyanide  and  hy¬ 
drochloric  acid,  Avhile  that  of  the  adjacent  endothelium  gives  the  char¬ 
acteristic  reaction  of  iron. 

Under  the  designation  “  hmmoehroinatosis  ”  von  Uecklinghausen 
(1)  in  1889  described  a  condition  of  pigmentation  affecting  various 
organs.  Brown  pigment,  which  he  thinks  is  derived  from  the  haemo¬ 
globin  of  the  blood,  is  deposited  within  certain  tissues  and  gives  to 
them  macroscopic  pigmentation.  Cases  of  intense  widespread  pig¬ 
mentation  had  previously  been  described  by  Quincke  (2),  Tillmanns 
(3)  and  Ilindenlang  fl).  Cases  of  similar  pigmentation,  associated 
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with  diabetes  and  cirrhosis  of  the  liver,  had  been  described  by  Hanot 
and  other  French  writers. 

The  anatomical  picture  of  generalized  pigmentation  drawn  by  v. 
Eecldinghausen  is  very  clearly  defined.  Most  of  the  glands  of  the 
body  have  a  deep  brown  color  and  within  their  secreting  cells  are 
found  reddish-yellow  or  ochre-colored  granules.  In  the  liver  this  pig¬ 
ment  is  present  in  the  parenchyma  cells  and  in  Iviipffer’s  cells. 
Microchemical  reactions  prove  that  it  contains  iron.  A  second  kind 
of  pigment,  distinguishable  from  the  first  by  the  occurrence  in  finer 
granules  of  pure  yellow  color,  is  found  in  the  smooth  muscle  cells  of 
the  stomach  and  intestines,  of  the  blood-  and  lymph-vessels,  rarely  in 
those  of  the  urinary  bladder,  ureters,  and  vas  deferens.  It  also  exists 
in  the  connective-tissue  cells  of  certain  localities,  for  example,  Glis- 
son’s  capsule,  the  splenic  trabeculae,  and  the  sheaths  of  blood-A^essels. 
This  pigment  does  not  give  the  reactions  characteristic  of  iron.  v. 
Eecklinghausen  calls  the  iron-containing  pigment  ‘‘  haemosiderin,”  the 
iron-free  pigment  ‘‘  haemofuscin.’’  The  use  of  these  names  does  not 
necessarily  imply  that  we  have  any  means  of  identifying  these  sub¬ 
stances  as  definite  chemical  compounds  or  that  Ave  can  recognize  them 
when  they  occur  in  other  situations. 

Von  Kecklinghauson  thinks  that  the  hmmofuscin  as  Avell  as  the  iron- 
containing  haemosidenu  is  derived  from  the  luemoglobin.  In  his  cases 
of  generalized  pigmentation  there  Avas  an  associated  cirrhosis  of  the 
liver. 

Von  Ileckling'hausen  studied  tAvelve  cases  Avhich  he  regards  as  ex¬ 
amples  of  local  and  general  hremochromatosis.  Ilfemochromatosis  he 
apparently  defines  as  a  condition  of  pathological  pigmentation  due  to 
the  deposition  of  pigment  derived  from  the  blood.  Such  a  definition 
includes  a  variety  of  dissimilar  forms  of  pigment  deposit;  broAvn 
atrophy  of  the  heart,  for  example,  fidfills  its  conditions,  since,  as  is 
believed,  the  ultimate  origin  of  the  pigment  there  found  is  the  haemo¬ 
globin  of  the  blood.  Xevertheless  it  evidently  has  but  little  in  com¬ 
mon  Avith  the  general  haemochromatoscs  ah'cady  described.  There  is 
iioAveA'er,  a  local  condition  Avdiich  has  been  associated  Avith  haemochro- 
matosis  by  several  observers.  I  r(‘fer  to  pigmentation  of  the  intestine 
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caused  by  deposition  of  tine  yellow  granules  in  the  smooth  muscle 
cells.  Goebel  (5)  lias  made  a  careful  study  of  this  fonn  of  pignnenta- 
tion.  In  adults  a  moderate  degree  is  almost  constant.  The  amount 
of  pigment  present  bears  a  relationship  to  the  age  of  the  individual,  so 
that  with  increasing  age  there  is  an  increased  pigment  deposition. 
Other  influences,  however,  may  play  an  important  part  in  producing 
the  condition.  AVith  wasting  disease's,  for  example  tuberculosis  and 
carcinomatosis,  there  may  be  an  accumulation  equal  to  that  present  in 
advanced  age.  In  sixteen  of  one  hundred  bodies  studied  by  Goebel 
the  pigment  deposit  was  of  sufficient  magnitude  to  cause  macroscopic 
discoloration,  characterized  by  him  as  rust  brown.  Ilintze  (0)  has 
described  two  cases  of  similar  intestinal  pigmentation. 

The  pigment  present  in  these  cases  does  not  give  the  reactions  of 
iron  and  agrees  in  mor])hology  and  location  with  the  haemofuscin  of 
V.  KccklinghaTisen.  Hence  both  Goebel  and  Ilintze  conclude  that 
this  intense  intestinal  pigmentation  represents  the  first  stage  of  haemo- 
chromatosis.  Ilmniosiderin  is,  however,  not  present  and  it  is  the 
Inumosiderin,  whose  wide  distnbution  forms  the  most  characteristic 
feature  of  general  haemochromatosis.  Indeed,  the ,  iron-free  pigment 
has  apparently  been  overlooked  in  a  number  of  cases  of  generalized 
pigmentation,  Avhose  description  otlierwise  agrees  Avith  the  picture 
draAvn  by  a'.  Hecklinghausen.  It  is,  moreover,  as  Avill  be  shoAvn,  AA’ith 
the  ])resence  of  this  iron-containing  pigment  that  are  found  marked 
pathological  changes  in  the  containing  cells.  The  accumulation  of 
})igment  Avithin  the  smooth  muscle  cells  of  the  intestine  is  apparently 
an  accentuation  of  a  physiological  process,  much  more  closely  related 
to  the  broAvn  atrophy  of  the  heart  than  to  general  haunochromatosis. 
A".  Recklinghausen’s  description  represents  a  condition,  pi’esenting  no 
close  similarity  to  any  form  of  local  pigmentation  Avith  AAdiich  avc  are 
familiar. 

The  important  features  of  this  description  are:  (1)  The  presence 
in  the  epithelial  cells  of  various  glands,  notably  the  liver  and  pancreas, 
of  an  iron-containing  pigment.  (2)  The  presence  of  an  iron-free  pig¬ 
ment  in  smooth  muscle  cells  of  the  gastrfi-intestinal  tract  and  of  the 
blood-  and  lynqdi-vessels  and  in  certain  coniu'ctiA’e-tissue  cells,  (d) 
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Tlie  association  of  cirrhosis  of  the  liver  with  the  pigmentation.  To 
this  condition,  apparently  a  distinct  pathological  entity,  the  tenn 
haeniochromatosis  shordd  be  limited,  even  thongh  v.  Recklinghansen, 
its  originator,  applied  it  to  conditions  of  local  pigmentation  as  well. 

Prior  to  v.  Recklinghausen's  publication  several  observers  had  studied 
cases  of  widespread  pigmentation.  Quincke  (2)  in  1877  observed  with 
anremia  a  deposition  of  iron  in  various  organs  notably  in  the  liver  and 
s])leen  and  in  one  instance  found  macroscopic  pigmentation  of  the  liver 
and  pancreas  as  a  result  of  the  iron  deposition.  Tillmanns  (9)  described 
l)rown  pigmentation  of  the  liver,  of  the  abdominal  lymphatic  glands,  and 
in  less  degree  of  the  spleen  and  pancreas,  in  a  man  who  two  months  be¬ 
fore  death  had  sustained  a  fracture  of  the  pelvis  and,  the  oljserver 
thought,  a  contusion  of  the  liver.  Hindenlang  (1)  observed  in  asso¬ 
ciation  witli  morbus  maculosus  Werlhofii  ])igmentation  of  the  glands  of 
the  body,  ])articularly  the  liver,  which  was  slightly  cirrhotic,  and  the  ])an- 
creas,  and  in  these  organs  found  a  ])igment  corresponding  morphologi¬ 
cally  and  in  situation  to  that  Avhich  v.  Recklinghausen  sul)se(iuent]y  des¬ 
cribed  as  hfemosiderin.  The  presence  of  an  iron-free  pigment  was  not 
mentioned,  but,  being  nn;ch  less  conspicuous  than  the  hremosiderin,  it 
may  readily  have  been  overlooked,  the  gastro-intestinal  tract  not  having 
received  histological  examination.  Ilintze  (0)  has  described  six  cases 
which  he  regards  as  exam})les  of  ha'mochromatosis.  Several  of  them 
had  previously  been  mentioned  by  Lubarsch  (7).  Only  three  agree  in 
detail  with  the  description  which  v.  Recklinghausen  has  given.  Two 
are  the  cases  of  extreme  intestinal  pigmentation  before  mentioned  and 
in  a  third,  the  case  of  an  individual,  who  five  years  before  death  bad 
undergone  an  operation  for  removal  of  a  cyst  of  the  pancreas,  the  de])osi- 
tion  of  iron-containing  pigment  was  limited  to  the  ])ancreas  and  neigh¬ 
boring  lymphatic  glands.  The  ])ancreas  was  the  scat  of  a  chronic  inter¬ 
stitial  inflammation  with  cyst  formation  and  the  ])igment  was  present 
only  in  the  fibrous  tissue  Avliile  the  epithelial  cells  contained  none.  Al¬ 
though  the  intestine  lu’csented  the  variety  of  ])igmentation  described  by 
(loebel  the  condition  cannot  be  regarded  as  haemochromatosis  and  was 
probably  the  result  of  local  hamiorrhage  in  or  about  the  diseased  ])an- 
crcas.  Russ  (8)  has  described  a  ty])ical  case  of  Inemocbromatosis  asso¬ 
ciated  with  cirrhosis  of  the  liver  and  diabetes  mellitus. 

Letulle  records  two  cases  and  Richardiere  one  in  which  associated  with 
hy])ertroj)hic  cirrhosis,  accompanied  by  very  abundant  ba?mosiderin  pig- 
inentation,  there  was  similar  ])igmontation  of  the  ])ancrcas  and  of  other 
organs.  Tn  these  cases  pigmentation  of  the  skin  was  ap])arently  absent. 
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Hemochromatosis  and  Bronzed  Diabetes 


A  condition,  associated  with  hseinochromatosis  by  v.  Eecklinghausen, 
has  been  studied  particularly  by  French  writers.  In  1882  Hanot  nd 
Chauffard  (11)  described  two  cases  of  diabetes  luellitus  associated  clini¬ 
cally  with  hypertrophic  cirrhosis  of  the  liver  and  bronze-like  pigmenta¬ 
tion  of  the  skin.  At  the  autopsy  upon  the  first  of  these  cases  was  found 
cirrhosis  of  the  liver,  characterized  by  the  presence  of  wide  bands  of  con¬ 
nective  tissue.  In  the  liver  cells,  as  Avell  as  in  the  interlobular  bands, 
were  brown  pigment  granules  in  great  quantities.  In  the  second  case, 
more  carefully  studied,  the  liver  and  pancreas  presented  a  brown  pigmen¬ 
tation  and  were  the  seat  of  advanced  chronic  interstitial  inflammation, 
both  parenchyma  cells  and  interstitial  tissue  containing  masses  of  pig¬ 
ment  granules.  The  stomach  and  duodenum  were  of  a  bluish-black  color 
and  pigment  in  small  granules  was  found  below  the  serosa.  Letulle  (12) 
several  years  later  reported  two  cases  of  a  similar  nature.  In  a  second 
communication  Hanot  in  conjunction  with  Schachmann  (13)  recorded  a 
fifth  case  and  reviewed  those  previously  published.  He  believed  that  the 
ol)sorvations  previously  made  established  the  existence  of  a  new  form  of 
cii-rhosis,  cirrlwse  ingmeniaire  diabetiqve,  and  of  a  new  clinical  condition, 
diahete  bronze. 

'Jlie  designation  “  diabete  bronze  ”  has  Ijeen  in  general  accepted,  but 
not  without  protest.  Bronzing  of  the  skin  is  not  a  constant  phenome¬ 
non  and  has  been  found  absent  in  one  case  of  Letulle,  in  the  ease  of 
Hanot  and  Schachmann  and  in  a  case  recorded  by  Brault  and  (hal¬ 
liard  (14). 

In  the  recorded  cases  of  so-called  bronzed  diabetes,*  as  far  as  they 
are  re])orted  with  sufficient  detail,  the  symptoms  and  pathological  find¬ 
ings  are  very  constant.  (Clinically,  the  picture  is  one  of  a  rapidly 
fatal  diabetes  mellitus  associated  wdth  cirrhosis  of  the  liver,  usually  of 
the  hypertrophic  variet}'.  Bronzing  of  the  skin  is  as  stated  not  con¬ 
stant,  but  has  been  present  in  the  majority  of  the  cases.  At  aiitopsy 
has  l)ecn  found  a  deep  pigmentation  of  the  liver  and  pancreas  asso¬ 
ciated  with  cirrhosis  and  in  cases  carefully  examined  macroscopieally 

The  published  cases  of  bronzed  diabetes,  numbering  twenty-four,  liave 
been  careful!}'  collected  by  Anschiitz,  and  certain  data  are  ]iresented  in 
tabular  form  in  his  comi)rehensive  review  of  the  subject  which  has  ap- 
])carcd  in  the  l)ciifiichc.s  Archir  fur  I'lhiisrhe  }fe(rtcin,  1809,  Ixii.  ]).  111.  subse¬ 
quent  to  the  preparation  of  this  paper.  For  this  reason  a  table  of  cases 
in’cpared  by  myself  has  been  omitted. 
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and  liistologically  interstitial  pancreatitis.  An  ochre-colored  pig¬ 
ment  giving  the  microchemieal  reactions  of  iron  is  present  in  the 
parenchyma  cells  of  the  liver,  pancreas  and  other  glands,  in  the  miiscle 
fibres  of  the  heart,  in  the  interstitial  tissue  of  these  organs  and  in 
the  lymphatic  glands. 

The  facts  relating  to  the  incidence  of  the  disease  are  of  interest. 
Xo  recorded  instance  of  haemochromatosis  or  of  bronzed  diabetes  has 
occurred  in  the  female.  The  age  of  the  individuals  alfected  with 
bronzed  diabetes  has  varied  between  33  and  02  years,  the  greatest 
number  occurring  in  the  foiirth  and  fifth  decades.  The  cases  of 
simple  haemochromatosis  fall  within  these  limits.  It  has  been  believed 
that  the  disease  is  more  common  in  France  than  elsewhere  and  this 
is  to  a  certain  extent  indicated  by  the  fact  that  of  twenty-four  cases 
seventeen  have  been  observed  in  that  country.  Simple  haemochroma¬ 
tosis  has  been,  however,  described  more  frequently  by  German  writers. 

The  pathogenesis  of  the  condition  has  been  the  subject  of  varied 
speculation.  Hanot  and  Chautfard  and  subsequently  Hanot  and 
Schachmann  have  maintained  that  the  primary  etiological  factor  is 
the  diabetes  mellitus,  that  the  diabetic  alteration  of  the  blood  in  con¬ 
junction  with  endarteritis,  which  they  have  found  constant  in  their 
cases,  causes  a  disturbance  in  the  nutrition  of  the  liver  cells,  an  altera¬ 
tion  of  the  pigment  metabolism  and  a  deposition  of  pigment  within 
the  cell  body.  The  excess  of  pigment  so  formed  is  reabsorbed  by  the 
capillaries  and  diffused  possibly  in  the  form  of  emboli  over  the  entire 
organism.  Letulle  (12)  finding  the  same  process  of  pigment  deposi¬ 
tion  in  other  organs,  for  example  the  heart,  that  takes  place  in  the 
liver,  comes  to  the  conclusion  that  the  pigment  is  formed  in  the  cells 
in  which  it  is  found  from  the  haemoglobin  of  the  blood.  He  regards 
the  diabetes  as  primary  and  thinks  that  degeneration  of  haemoglobin 
wherever  it  exists  occurs  under  the  influence  of  the  hyperglycaemia. 
Brault  and  Galliard  (14)  also  give  prominence  to  diabetes  as  the  im¬ 
portant  factor  in  the  production  of  pigmentation.  The  haemoglobin 
of  the  diabetic  is,  they  think,  so  altered  that  it  is  incapable  of  the  nor¬ 
mal  transformation  into  bile  ])igmcnt  and  is  deposited  in  the  liver 
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cell.  Furthermore,  it  accumulates  in  the  blood  and  wherever  pigment 
is  elaborated  and  utilized. 

Hernandez  (16)  thinks  that  dissohition  of  hminoglohin  takes  place 
under  the  influence  of  a  general  malady,  diabetes,  and  pigment  is  de¬ 
posited  in  the  glandular  cells  altering  their  nutrition  and  finally  caus¬ 
ing  their  destruction.  The  pigment  is  not  eliminated,  but  passes  into 
the  lymphatics,  and  causes  in  their  walls  an  irritation,  manifested 
by  an  increase  of  the  connective  tissue  of  the  organ.  Mosse  (17)  be¬ 
lieves  that  under  the  influence  of  the  hyperglyctemia  pigment  gran¬ 
ules  are  formed  within  the  blood-vessels  at  the  expense  of  the  altered 
or  dissolved  hsemoglobin.  The  pigment  accumulation  in  the  liver  is 
in  proportion  to  the  specialization  of  the  liver  cells  to  a  chromogen  ic 
function  and  to  the  large  volume  of  blood  Avhich  traverses  the  organ. 
The  coexistence  of  hyperglycemia  and  melanemia  contributes  iu  very 
great  part  to  the  production  of  cirrhosis.  De  assary  and  Potier  (19) 
support  the  conception  that  a  diabetic  alteration  of  the  blood  is  the 
essential  etiological  factor  in  the  production  of  the  pigmentation. 
Rendu  and  de  Massary  (20)  advance  the  hypothesis  that  the  pigment 
is  deposited  in  the  various  cells  of  the  body  as  the  result  of  an  abnor¬ 
mal  action  exerted  by  the  cell  upon  the  h£emoglobin  of  the  blood,  the 
alteration  of  metabolism  being  the  manifestation  of  a  general  cachexia 
caused  by  diabetes  associated  with  cirrhosis  of  the  liver. 

A  second  smaller  group  of  writer’s  think  that  the  pigmentation  is 
produced  by  a  primary  disease  of  the  blood,  that  as  a  result  of  some 
fundamental  cause  there  is  an  alteration  of  the  blood  and  subsequent 
formation  of  pigment  from  the  altered  haemoglobin.  The  I’elation  of 
the  eoircomitant  diabetes  and  cirrhosis  then  reina  to  be  explained. 
Buss  suggests  that  the  glyeaemia  may  be  the  result  of  an  incomplete 
oxidation  of  oxidizable  carbon,  resulting,  in  turn,  from  a  diminislu-d 
oxygen-cari’jdng  power  of  the  altered  haemoglobin.  P.  Mai’ie  (18) 
thinks  that  there  follows  the  action  of  some  pi’imitive  cause  a  dissolu¬ 
tion  of  the  haemoglobin,  Avhich  is  transformed  by  the  protoplasm  of 
various  cells  of  the  body  into  pigment,  deposited  in  them.  The  pig¬ 
ment  in  turn  causes  a  degeneration  and  destruction  of  the  cells  in 
which  it  is  accumulated  and  consequently  chronic  interstitial  inflam- 
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mation  of  various  organs,  notably  the  liver.  The  bronzed  diabetes  is 
neither  clinically  nor  pathologically  the  classic  diabetes,  but  is  a  dis¬ 
tinct  morbid  entity,  as  is  according  to  his  belief  pancreatic  diabetes, 
and  if,  he  says,  it  should  be  necessary  to  compare  the  condition  with 
any  other  he  would  turn  his  attention  to  pancreatic  diabetes.  Acard 
(21),  DiTtournier  (22),  and  Jeanselme  (23)  reiterate  the  conception  of 
^larie  and  suggest  that  perhaps  the  diabetes  is  only  an  accessory-  phe¬ 
nomenon  which  appears  with  a  certain  degree  of  chronic  interstitial 
pancreatitis.  Anschiitz  has  convinced  himself  that  the  diabetes  finds 
its  cause  in  chronic  interstitial  pancreatitis  which  like  the  cirrhosis  of 
the  liver,  he  believes,  is  a  manifestation  of  an  underlying  condition. 

The  French  writers  who  have  described  cases  of  “  diubete  bronze” 
do  not  ideiitify  the  pigmentation  with  the  haemochromatosis  of  v. 
Eecklinghausen.  In  the  veiy  early  cases  no  examination  of  the 
chemical  nature  of  the  pigment  was  made.  Hernandez  demonsti’ated 
that  the  brownish-yellow  gi’anulcs  foimd  by  him  in  the  epithelial  cells 
of  the  liver,  pancreas  and  kidney,  in  the  muscle  cells  of  the  heart,  in  the 
connective  tissue  of  these  organs  and  in  the  lymphatic  glands  gave  the 
niicrochemical  reactions  known  to  be  characteristic  of  iron.  In  this 
and  in  subsequent  cases  the  brownish-yellow  pigment  agrees  in  mor¬ 
phology  and  in  location  with  the  ha?niosidei*in  of  v.  Recklinghausen. 
Xo  mention  is  made  by  the  majority  of  the  French  writers  of  an  iron- 
free  pigment  present  in  smooth  muscle  cells  and  in  certain  connective- 
tissue  cells.  It  is  the  absence  of  htemofuscin  alone  which  raises  doubt 
as  to  the  identity  of  the  pigmentation  of  bronzed  diabetes  with  hsemo- 
chromatosis.  The  haemofuscin,  occurring  in  fine  pale-yellow  gran¬ 
ules  within  cells,  is  much  less  conspicuous  than  the  more  coai*sely  gi*an- 
ular  haemosidcrin,  and  may  very  readily  be  overlooked  in  specimens 
treated  with  reagents  which  demonstrate  iron.  Auscher  and  La- 
picque  (24)  studied  the  pigment  present  in  the  case  reported  by  Marie. 
In  addition  to  widely  distributed  ochi*e-eolored  pigment  which  be¬ 
came  black  on  treatment  with  ammonium  sulphide,  they  found  on  the 
intestinal  wall  a  second  variety  of  pigment  which  was  according  to 
tlu'in  of  black  color  and  dissolved  in  animonium  sulphide.  Quan¬ 
titative  determination  of  the  iron  of  the  intestinal  wall  demonstrated 
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a  small  percentage  wliile  that  of  the  liver  was  extremely  large.  The 
pigment  observed  by  Auscher  and  Lapicque  and  subsequently  found 
by  Acard  and  Dutoumier,  though  described  as  black  in  color,  is  ap- 
])arently  the  iron-free  haemofuscin. 

Buss,  in  an  inaugural  dissertation,  as  mentioned,  I’eports  a  case  of 
diabetes  associated  with  cirrhosis  of  the  liver  and  of  the  pancreas  and 
with  general  haemochromatosis.  He  finds  the  iron-containing  and  the 
iron-free  pigment  in  locations  coiTesponding  to  those  mentioned  by  v. 
Recklinghausen.  On  the  one  hand  there  is  no  reason  to  doubt  that 
the  pigmentation ‘in  this  case  is  identical  with  that  of  haemochroma- 
tosis  and  on  the  other  hand  the  case  presents  the  clinical  and  patho¬ 
logical  picture  to  which  Hanot  has  given  the  name  “  diabete  bronze.” 

The  case  described  by  the  writer  holds  a  position  intermediate  be¬ 
tween  haemochromatosis  and  the  so-called  bronzed  diabetes.  Asso- 
•ciated  with  haemochromatosis  there  is  bronzing  of  the  skin,  cirrhosis  of 
the  liver  of  advanced  grade,  and  chronic  interstitial  pancreatis.  Dia¬ 
betes  was,  however,  not  present.  It  is  evident  then  that  the  general¬ 
ized  pigmentation  of  bronzed  diabetes  is  the  haemochromatosis  of  v. 
Recklinghausen. 

"When  considering  the  etiological  factors  concerned  in  the  deposi¬ 
tion  of  great  quantities  of  pigment  in  the  liver  and  other  organs  we 
direct  our  attention  to  the  blood,  since  it  cannot  be  doubted  that 
this  iron-containing  material  is  derived  more  or  less  directly  fi*om  the 
haemoglobin.  It  is  well  known  that  in  pernicious  anaemia  with  active 
blood  destruction  there  is  a  deposition  of  iron  within  the  liver  and  other 
organs,  but  pigmentation  of  the  character  rmder  consideration  is  at 
least  in  the  great  majority  of  cases  not  found.  A  considerable  pro¬ 
portion  of  the  cases,  both  of  simple  haemochromatosis  and  of  haemo¬ 
chromatosis  associated  with  diabetes,  have  been  accompanied  by  con¬ 
ditions  which  involve  active  destruction  of  the  red  blood  corpuscles. 
Hindenlang’s  case  of  general  pigmentation,  almost  certainly  one  of 
haemochromatosis,  was  associated  with  morbus  maculosus  "Werlhofii. 
In  four  other  cases  purpiiric  eruptions  have  been  observed.  In  sev¬ 
eral  there  have  been  local  haemorrhagic  conditions  as,  for  example, 
ha*morrhagic  pericarditis  or  peritonitis  in  cases  of  Hintze.  In  the 
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case  of  Buss  there  was  found  at  autopsy  haemorrhagic  pleurisy  and 
peritonitis  and  luemorrhagic  pachymeningitis.  Other  forms  of  local 
haemorrhage  have  been  noted.  The  conditions  cited  present  consid¬ 
erable  variety,  and  in  many  cases  Avere  late  manifestations  in  the  dis¬ 
ease.  In  many  cases,  moreover,  local  haemorrhages  were  not  demon¬ 
strable.  It  is  then  unnecessary  to  assume  that  the  haemoglobin  form¬ 
ing  the  pigment  arises  from  the  destmction  of  red  corpuscles  of  extra- 
vasated  blood.  It  seems  possible  that,  associated  Avith  some  primitive 
alteration  of  the  blood,  there  is  a  tendency  to  local  haemon-hage,  the 
haemorrhages  being  merely  secondary  manifestations  of  the  same  dis¬ 
ease  of  the  blood  Avhich,  associated  Avith  intraA'ascular  destmction  of 
red  cor])uscles,  precedes  the  pigment  deposition. 

In  a  case  of  Jeanselme  examination  of  the  blood  demonstrated  the 
presence  of  a  moderate  gvade  of  antemia,  but  otherAvise  no  marked 
pathological  change  of  the  blood  Avas  noted.  CoagAilation  Avas  not 
retarded. 

Attempts  have  been  made  to  reproduce  expeilmentally  the  pigmen¬ 
tation  found  in  human  beings.  Taa'o  methods  have  been  employed: 
(1)  The  conditions  of  local  haunorrhage  are  produced,  for  example, 
by  injecting  blood  into  the  peritoneum.  (2)  Ilaemoglobin  is  set  free 
Avithin  the  circulating  blood  by  the  use  of  toxic  substances  Avhich  cause 
destruction  of  the  red-blood  corpuscles.  Auscher  and  Lapicque  (25) 
and  Meunier  (20)  have  attempted  by  these  means  to  reproduce  the  pig¬ 
mentation  of  the  internal  organs  foAuul  in  bronzed  diabetes.  Auscher 
and  Lapicque  by  injecting  blood  into  the  peritoneum  caused  accumu¬ 
lation  of  an  iron-containing  pigment  in  considerable  quantity  in  the 
spleen  hut  in  A’ery  small  quantity  in  the  liver.  In  cases  of  haemochro- 
matosis,  hoAvever,  the  liver  is  the  prominent  seat  of  pigment  accumu¬ 
lation. 

It  has  long  been  knoAvn  that  toluylendiamin  causes  a  destruction 
of  the  red-blood  corpuscles,  large  doses  producing  in  dogs  haenieglob- 
iniiria.  By  the  use  of  this  sxibstance  numerous  experimenters  have 
caused  the  deposition  of  an  iron-containing  pigment  in  the  liver  and 
other  organs,  ^.'eunier,  attempting  to  reproduce  in  dogs  the  pigmen¬ 
tation  of  bronzed  diabetes,  succeeded  by  the  repeated  injection  of 
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small  doses  in  obtaining  an  iron-containing  pigment  in  moderate 
amount  in  tlie  liver,  lymphatic  glands,  spleen,  and  bone  marrow.  The 
immense  iron  accumulation  of  haemochromatosis,  however,  has  not 
been  reproduced  so  that  experiments  have  thrown  but  little  light 
upon  the  pathogenesis  of  the  condition. 

The  origin  of  the  second  fonn  of  pigment  described  by  v.  Keckling- 
hausen,  haemofuscin,  has  been  discussed  at  length  by  several  writers 
who  have  studied  haemochromatosis.  The  data  at  hand  are,  however, 
very  meagre.  If  the  haemofuscin  were  derived  from  the  haemosiderin, 
the  two  would  be  found  side  by  side  in  the  same  cell  and  v.  Eeckling- 
hausen,  therefore,  thinks  that  the  haemofiTScin  is  formed  independently 
from  the  haemoglobin  or  some  soluble  derivative  present  in  the  lymph. 
Lubarsch  and  Hintze  believe  the  haemofuscin  to  be  elaborated  from 
the  haemoglobin  as  the  result  of  a  specific  activity  of  the  smooth 
muscle  cells.  Lubarsch  injected  defibrinated  blood  between  the  serosa 
and  muscularis  of  the  intestine  of  rabbits  and  obtained  in  the  smooth 
muscle  cells  yellow  gi’anules  of  an  iron-free  pigment,  formed,  he 
thinks,  by  the  action  of  the  cells  upon  the  liberated  haemoglobin. 

It  has  been  pointed  out  that  a  pigment  apparently  identical  with 
the  haemofuscin  of  v.  Eecklinghausen  is  present  in  adiilts  in  the  smooth 
mnscle  cells  of  the  intestine  under  conditions  which  may  be  regarded 
as  physiological,  and  according  to  Goebel  increases  with  advancing 
age.  In  the  sixteen  cases  of  well-marked  intestinal  pigmentation  with¬ 
out  ha?mochi*omatosis  studied  by  him  this  pigment  was  not  limited  to 
the  muscle  of  the  intestine,  but  was  found  sparsely  distributed  in  the 
smooth  muscle  cells  of  the  blood-vessels  of  the  intestine,  kidney,  liver, 
and  lung,  in  the  smooth  muscle  of  the  bronchi,  urinary  bladder,  and 
prostate.  lie  observed  similar  pigment  in  the  spindle-shaped  eells  of 
the  splenic  trabeculae  and  in  connective-tissue  cells  of  the  liver,  sub- 
maxillaiy  gland,  and  mesentery.  It  seems  evideir  then  that  the 
haemofuscin  found  abundantly  with  haemochromatosis  occurs  \nider 
conditions  which  may  probably  be  regarded  as  physiological.  Un¬ 
doubtedly  this  pigment  may  occur  unaccompanied  by  a  generalized 
deposition  of  the  iron-containing  hamiosiderin. 

(’ertain  other  ii*on-free  pigments  existing  in  moderate  qiiantity  un- 
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der  physiological  conditions  have  been  in  the  case  herewith  described 
found  increased.  The  iron-free  pigment  present  in  the  heart  nmscle 
is  greater  in  amount  than  that  found  under  normal  conditions.  The 
interstitial  cells  of  the  testicle,  normally  containing  pigment  in  moder¬ 
ate  quantity,  are  loaded  with  pigment  granules  Avhich  do  not  give  the 
reaction  of  iron.  The  pigmentation  of  the  skin  which  has  given  name 
to  the  disease  is  caused  by  the  presence  in  the  deepest  cells  of  the  Mal¬ 
pighian  layer  of  an  ii*on-free  pigment  apparently  not  dift'ering  from 
that  found  under  normal  conditions. 

It  seems  probable  then  that  the  same  conditions  which  cause  the 
deposition  of  an  iron-containing  pigment  in  vario^is  cells  of  the  body 
favor  the  chromogenic  metabolism  of  those  cells  which  under  normail 
conditions  are  capable  of  fonning  pigment.  It  may  he  pointed  out, 
moreover,  that  haemofuscin  is  present  in  considerable  quantity  in  the 
walls  of  the  vessels  of  the  liver,  pancreas,  and  lymph  glands  which 
contain  hminosiderin  in  great  quantity;  while  in  the  vessels  of  or¬ 
gans  like  the  kidney  and  lungs,  in  which  is  deposited  very  little  iron- 
containing  pigment,  it  is  almost  absent. 

As  already  indicated  a  majority  of  those  who  have  studied  cases  of 
bronzed  dial)etes  regard  the  diabetes  as  the  essential  etiological  factor. 
V.  Ivecklinghausen  so  explained  his  case  of  luemochromatosis  associated 
with  diabetes.  AVithout  sufficient  basis  apparently  an  active  blood 
destruction  is  assumed  to  be  the  result  of  the  diabetic  condition.  In 
the  ordinary  form  of  diabetes,  however,  an  accumulation  of  iron  does 
not  take  place  in  the  liver  or  other  organs,  as  shown  particularly  in 
cases  studied  by  Zaleski  *  and  Kretz.f  A  case  of  diabetes  associated 
with  cirrhosis  of  the  liver  without  pigmentation  is  recorded  by  Hanot 
and  Schachmann.  Similar  cases  in  which  jngmeutation  was  not,  at 
least,  a  conspicuous  feature  are  mentioned  by  Ilansemann  and  other 
writers  upon  diabetes.  There  is,  moreover,  as  will  be  pointed  out 
reason  to  believe  that  the  diabetes  is  secondary  to  the  luemochroma¬ 
tosis. 

*  Virchow'j  Archil',  1S8(),  civ,  91. 

■'i  licit r.  :»/•  hliu.  Mvd.  ii.  I'hir.,  lift.  15,  Wien.  1890;  CriitralhL  f.  nil;/.  Path.  n. 
path.  Anal..  1S9T.  viii,  O'JO. 
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In  the  cases  of  bronzed  diabetes  the  two  prominent  features  in  ad¬ 
dition  to  the  generalized  pigmentation  are  diabetes  and  cirrhosis  of 
the  liver,  and  it  is  to  this  second  factor  that  a  number  of  writers  have 
directed  their  attention  in  attempting  to  explain  the  pigmentation.  It 
is  to  be  recalled,  moreover,  that  cirrhosis  of  the  liver,  usually  of  a  less 
intense  gTade,  has  been  present  in  the  cases  of  simple  haemochroma- 
tosis.  In  all  instances  of  haemochromatosis,  both  with  and  without 
diabetes,  the  gveatest  pigment  accumulation  has  been  in  the  liver,  and 
consequently  a  disturbed  chromogenic  function  of  that  organ  has  sug¬ 
gested  itself.  It  is  conceivable  that  an  iron-containing  substance  is 
deposited  in  the  liver  cells  as  the  result  of  their  inability  to  accom¬ 
plish  the  nonnal  elaboration  of  bile  pigments  from  the  haemoglobin 
of  the  blood.  This  altered  metabolism  may  be  the  concomitant  of  the 
cirrhosis  of  the  liver,  then  to  be  regarded  as  the  primary  etiological 
factor.  If  the  pigment  is  formed  in  the  liver,  how  does  it  reach  other 
portions  of  the  body?  Is  there  evidence  that  the  pigment  is  trans¬ 
ported  by  the  blood  stream  either  as  emboli  free  in  the  plasma  or  as 
granules  enclosed  within  phagocytic  cells?  An  occasional  particle  of 
pigment  has  been  found  in  blood  obtained  by  pricking  the  skin,  but 
the  objection  has  been  urged  that  such  ])articles  may  be  derived  from 
the  pigmented  cutaneous  glands.  The  demonstration  in  sections  of  an 
occasional  pigment  granule  in  the  lumen  of  vessels  is  by  no  means 
conclusive,  since  an  impervious  material  may  in  cutting  be  carried  into 
such  position  by  the  knife.  The  demonstration,  as  in  the  case  de¬ 
scribed  by  the  writer,  of  cells  containing  pigment  granules  within  the 
lumen  of  vessels  is  in  no  gi’eater  degree  ptreof  that  in  this  way  pig¬ 
ment  is  disseminated  from  a  single  depot  of  formation.  Tor  it  is  not 
inconceivable  that  from  soluble  substances  in  tbe  idasma  pigment  is 
elaborated  in  those  cells  in  which  it  is  found.  Moreover,  as  has  been 
])()inted  out,  it  is  probable  that  a  certain  number  of  pigment-contain¬ 
ing  cells  are  endothelial  plates  desquamated  before  death  as  a  conse¬ 
quence  of  the  pigment  accumulation  or  after  death  as  a  result  of  post¬ 
mortem  change. 

A  study  of  the  process  of  jhgment  accumulation  in  widely  separated 
organs  throws  moi’e  light  upon  the  seat  of  its  formation.  The  glands 
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I  have  stiulicnl  most  eaivfully  arc  tlio  liver,  panereas,  adrenals  and 
glands  of  flrnnner.  AVlien  the  pigment  is  in  moderate  quantity,  it  is 
present  as  relatively  fine  rc.mnd  grannies  oecnpying  that  portion  of  the 
cell  most  distant  from  the  capillaries,  that  is,  in  acinoirs  glands  the 
portion  of  the  cell  next  the  Inmen.  AVith  greater  accnmnlation  the 
whole  cell  body  contains  pigment  grannies  and  finally  almost  the  en¬ 
tire  protoplasm  is  replaced  by  them.  In  cells  so  loaded  with  pigment 
the  individnal  grannies  vary  ninch,  ocenrring  as  large  ronnd  glohnles, 
often  of  greater  size  than  a  red-hlood  corpuscle.  Changes  may  also 
he  observed  in  the  nnclens  of  the  cell.  It  becomes  smaller,  its  ont- 
line  often  becomes  ii’regnlar,  and  it  assumes  a  shrivelled  appearance. 
In  cells  appearing  to  he  a  mere  mass  of  granides  and  glohnles  of  pig¬ 
ment  with  careful  foensing  a  very  faintly  staining  vesicnlar  nnclens 
is  occasionally  seen,  while  more  frequently  arc  fonnd  pigment  masses 
without  any  trace*  of  nnclens,  hnt  still  maintaining  the  cell  outline. 
Finally  the  cell  outline  is  lost  and  a  clnmp  of  pigment  particles  of 
very  variable  size  lies  free  in  the  tissne.  The  same  process,  observed 
in  the  liver,  takes  place  in  the  pancreas  and  adrenal  gland  and,  indeed, 
in  the  mnscle  cells  of  the  heart.  It  is  therefore,  improhahle  that  the 
])igment  they  contain  is  transported  as  emboli  or  in  phagocytic  cells 
from  some  distant  organ,  as  the  liver.  AInch  more*  probable  is  it  that 
the  same  process  is  taking  ])lace  simnltaneonsly  in  all  the  organs  con¬ 
cerned,  that  the  pigment  is  elaborated  by  the  ccdls  in  which  it  is  fimnd 
from  iron-containing  material  dissolved  in  the  snrronnding  lym])h. 

Althongh,  as  it  appears,  the  liver  is  not  the  seat  of  formation  of  the 
])igmont  fonnd  in  other  organs,  a  disturbance  of  the  chromogcnic  meta¬ 
bolism  of  its  cells  may  he  an  important  factor  in  causing  the  deposi¬ 
tion  of  pigment  elsewhere.  It  may  he  that  iron-containing  derivatives 
of  the  haemoglohin  are  not  eliminated  in  consequence  of  changes  in 
the  liver  cells  and  so  accumnlate  in  the  blood.  The  extreme  pigmen¬ 
tation  of  the  liver,  greatly  e.xceeding  that  of  other  organs,  may  hold 
to  its  chromogenic  function  some  relation  which  onr  present  knowl¬ 
edge  of  iron  metabolism  docs  not  explain. 

Doubtless,  for  the  prcdnction  of  a  condition  of  Inemochromatosis, 
some  factor  is  necessary  besides  the  mere  disintegration  of  red  cor- 
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piiscles  and  setting  free  of  lia3inoglol)in.  Its  absence  in  conditions 
associated  with  blood  destruction  sufficiently  proves  this  point.  Of  a 
series  of  cases  of  cirrhosis  of  the  liver  studied  by  Kretz  *  in  about 
one-half  was  found  an  accumrdation  of  an  iron-containing  pigment 
resembling  hajmosiderin.  He  comes  to  the  conclusion  that  the  toxic 
matter  circulating  in  the  blood  causes  a  degeneration  of  the  liver  cells 
and  at  the  same  time  acts  injuriously  upon  the  red  corpuscles.  It  is 
the  association  of  the  two  conditions  which  simultaneously  produces 
cirrhosis  and  pigmentation.  Possibly  in  haemochroniatosis  the  toxic 
material  causing  the  blood  destruction  is  of  such  a  nature  that  it  acts 
injiu’iously  upon  the  cells  of  the  liver  and  other  organs  so  that  they 
ti-ansform  the  soluble  blood  pigment  reaching  them  into  the  insoluble 
luemosiderin.  Alcohol  may,  under  certain  conditions,  have  this  action. 
Such  specidations  merely  indicate  the  complexity  of  the  conditions 
which  underlie  the  generalized  pigmentation. 

Degenerate  cells  overloaded  with  pigment  are  in  the  case  studied 
very  abundant  and  can  l)e  readily  demonstrated  without  prolonged 
search.  We  have  thus  an  efficient  factor  for  the  production  of  a 
clironic  interstitial  inflammation.  Aewly  formed  fibrous  tissue  in¬ 
vades  the  lobule  along  the  central  vein  and  in  places  sends  out  fine 
radiating  bands  along  the  capillaries  between  the  columns  of  liver 
cells.  The  fibrous  tissue  about  the  central  vein  and  that  between  the 
lobules  contain  large  quantities  of  pigment  for  the  most  part  extracel¬ 
lular  as  a  result  of  the  degeneration  of  the  cells  in  which  it  was  formed, 
dliis  pigment  lies  free  in  the  tissue  presumably  transported  along 
lymphatic  channels.  When  it  is  massed  in  large  qrrantity,  there  is 
usually  evidence  of  active  cell  proliferation.  In  general  the  interlo¬ 
bular  tissue  is  poor  in  cells,  but  in  such  areas  proliferation  may  be  in¬ 
dicated  by  the  presence  of  small  round  cells.  Two  factor’s  are,  I  be¬ 
lieve,  active  in  prodrreing  the  scleroses:  (1)  pigmentary  degeneration 
of  the  ])arenchyma  cells;  (2)  irritation  produced  by  the  presence  of  the 
])igment  in  the  interstitial  tissrre. 

Tn  the  case  I  have  described  the  pancreas  is  the  orgarr  rrext  to  the 
liver  most  conspicuoirsly  pigmented.  Extreme  pigmentation  and  con- 

*  Loc.  cit. 
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seqiient  degeneration  of  tlie  parencliynia  cells  can  be  readily  seen. 
Fibrous  septa  deeply  pigmented  sepai*ate  the  lobules  and  in  places 
strands  of  similar  natin-e  penetrate  between  the  acini.  The  pancreas 
has  been  very  supeificially  examined  in  many  of  the  reported  cases  of 
bronzed  diabetes,  but  in  those  in  which  a  description  of  the  micro¬ 
scopic  appearance  is  given  it  is  evident  that  chronic  interstitial  pan¬ 
creatitis  existed.  The  fact  that  the  organ  in  the  great  majority  of 
cases  has  not  been  found  atrophic  has  probably,  in  certain  instances, 
prevented  the  recognition  at  autopsy  of  interstitial  inflammation. 
In  but  two  cases  apparently  has  it  been  found  to  be  smaller  than  nor¬ 
mal  while  it  is  frequently  described  as  voluminous,  enlarged  or  nor¬ 
mal  in  size.  In  seven  cases  the  weight  is  recorded;  the  mean  of  the 
figures  given,  varying  between  95  and  195  grm.,  is  125.7  grin.,  about 
one-half  greater  than  the  noi-mal  weight  of  the  organ.  The  average 
weight  of  the  liver,  recorded  in  thirteen  cases  of  bronzed  diabetes,  is 
2497  grm.  and  we  must  regard  the  condition  present  as  a  form  of  hy¬ 
pertrophic  ciirhosis.  The  lesion  of  the  pancreas  differs  from  the  more 
commonly  observed  form  of  chronic  interstitial  inflammation,  accom¬ 
panied  by  more  or  less  atrophy  of  the  organ  and  may  be  designated  as 
hypertrophic  pancreatitis.  In  my  ease  without  diabetes  the  pancreas 
weighed  170  gnu.,  almost  twice  the  normal  weight,  and  was  the  seat 
of  an  interstitial  inflammation  of  moderate  intensity. 

The  etiological  relationship  of  chronic  interstitial  inflammation  of 
the  pancreas  to  diabetes  has  been  well  established  in  recent  years  by 
Ilansemann  and  others,  though  the  exact  character  and  degree  of  such 
inflammation  necessary  to  the  production  of  glycosuria  has  not  been 
definitely  determined.  Finding,  with  bronzed  diabetes,  chronic  inter¬ 
stitial  pancreatitis  constant  as  far  as  we  are  able  to  judge,  it  is  hardly 
jiossible  to  doubt  that  the  diabetic  condition  is  pancreatic  in  origin  and 
makes  its  appearance  when  the  pancreatitis  has  reached  a  certain  grade 
of  intensity.  In  the  majority  of  cases  the  symptoms  of  onset  are  those 
of  diabetes,  that  is  the  individual  is  apparently  in  good  health  until 
the  onset  of  glycosuria.  In  the  three  cases  of  hajinochromatosis  with¬ 
out  diabetes  described  by  Ilintze,  diseases  having  no  apparent  relation 
to  the  hemochromatosis  caused  death.  In  the  present  instance  inter- 
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current  typlioid  fever  cansecl  the  death  of  the  individiial  before  chronic 
intei’stitial  pancreatitis  had  reached  a  sufficient  grade  of  intensity  to 
prodnee  glycosuria  and  thus  the  hremocliromatosis  was  prevented  from 
reaching  its  nsnal  termination,  pancreatic  diabetes. 

CONCLUSIONS. 

(1)  There  exists  a  distinct  morbid  entity,  hiemochromatosis,  char¬ 
acterized  by  the  widespread  deposition  of  an  iron-containing  pigment 
in  certain  cells  and  an  associated  formation  of  iron-free  pigments  in  a 
variety  of  localities  in  which  pigment  is  found  in  moderate  amount 
under  physiological  conditions. 

(2)  "With  the  pigment  accnmnlation  there  is  degeneration  and  death 
of  the  containing  cells  and  consequent  interstitial  inflammation, 
notably  of  the  liver  and  pancreas,  which  become  the  seat  of  inflamma¬ 
tory  changes  accompanied  l)y  hypertrophy  of  the  organ. 

(3)  When  chronic  interstitial  pancreatitis  has  reached  a  certain 
grade  of  intensity  diabetes  ensues  and  is  the  terminal  event  in  the 
disease. 

I  desire  to  express  my  obligation  to  Dr.  AVelch  and  Dr.  Flexner  for 
the  interest  they  have  shown  in  the  foregoing  case  and  for  the  assist¬ 
ance  they  have  gWen  me  in  its  study. 
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THE  ACTION  OF  HEPATIC,  KEXAL  AXH  OTHER  CELLS 
OX  PHEXOL  AXD  IXDOL,  UXDER  XORMAL  AXD 
PATHOLOGICAL  COXDITIOXS* 

By  C.  a.  HERTER,  M.  D.,  and  A.  J.  WAKEMAN,  Ph.  D. 

It  is  tlie  object  of  this  communication  to  give  the  results  of  exper¬ 
imental  ohsen’ations  on  the  behavior  of  various  animal  cells  toward 
certain  substances  belonging  to  the  aromatic  type,  notably  phenol  aud 
indol.  I'he  inquiry  was  prompted  by  the  interest  which  attaches  to  a 
study  of  the  natural  defenses  of  the  organism  against  A-arious  kinds  of 
damage  through  chemical  agencies.  Prominent  among  the  problems 
that  arise  in  connection  AAuth  such  an  inquiry  are,  first,  the  detenuina- 
tion  of  the  seat  of  the  defensive  action  of  the  organism,  whether  chiefly 
in  the  blood  or  in  the  cells;  second,  the  relative  activity  of  the  differ¬ 
ent  kinds  of  cells  irr  the  neutralization  of  the  toxic  properties  of  the 
particular  chemical  agents  employed;  and  third,  the  character  of  any 
chemical  transformation  that  may  take  place,  when  these  substances 
are  acted  upon  by  living  cells. 

ludol  aud  phenol  were  selected  for  use  in  the  inquiry  for  trvo  rea¬ 
sons.  First,  these  substances  are  nonnal  products  of  proteid  cleavage 
in  the  intestine,  under  the  influence  of  bacteria  and  of  the  proteolytic 
ferment  of  the  pancreatic  juice,  and  they  are  often  formed  in  excessive 
amounts  in  the  course  of  digestive  derangements.  Greater  interest 
thus  attaches  to  the  fate  of  these  substances  in  tbe  organism  than  to 
that  of  Avholly  foreign  poisons.  Second,  both  indol  and  phenol  are 
recognizable  by  means  of  delicate  color  reactions,  and  it  becomes  possi¬ 
ble  by  means  of  the  procedures  to  be  described  to  make  use  of  these 
color  tests  for  the  puriK)se  of  comparing  the  relative  proportion  of 
phenol  and  indol  present  in  different  solutions. 

The  Contact  Method. — Two  methods  Avere  pursued  in  our  observations. 
In  tlie  first,  the  organs  of  healthy  rabbits  were  quickly  remoA^d.  after 
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Ijleediiig  nearly  to  the  point  of  death.  After  chopping  the  organs  into 
fine  hits,  seven  grammes  of  the  pulp  of  the  liver,  kidney,  brain  muscle, 
and  seven  grammes  of  the  blood  were  brought  into  contact  with  ten  cubic 
centimetres  of  a  weak  solution  of  phenol  and  indol  of  known  strength. 
The  period  during  which  these  solutions  were  left  in  touch  with  the 
organ  pnlps  varied  in  different  experiments,  two  or  three  hours  being 
the  usual  period.  At  the  end  of  this  time  the  mixture  was  subjected 
to  distillation.  The  distillate  was  then  tested  for  the  presence  of  indol 
by  the  nitroso-indol  test,  and  for  phenol  by  means  of  Milloirs  reagent. 
By  placing  in  columns  equal  heights  of  distillates  in  test  tubes  it  be¬ 
comes  possible  to  arrange  these  in  the  order  of  the  intensity  of  their 
color.  Two  or  more  members  of  the  series  sometimes  give  colors  of  equal 
intensity,  or  the  difference  may  be  so  small  that  it  is  difficult  to  be  cer¬ 
tain  of  any  difference.  Usually,  however,  a  good  gradation  of  color  can 
be  obtained  throughout  the  series.  It  is  hardly  necessary  to  state  that 
the  utmost  care  in  technique  is  necessary  in  making  these  observations, 
by  what  we  have  come  to  call  the  “  contact  method.”  Under  carefully 
controlled  conditions  it  is  possible  to  obtain  reliable  and  consistent  results. 

It  will  be  seen  by  reference  to  Tables  I  and  II  that  the  diffei’eut 
organ  pulps  possess  in  different  degrees  the  power  of  causing  the  disap¬ 
pearance  of  the  phenol  or  indol  with  which  they  are  brought  in  rela¬ 
tion. 

That  all  of  them  possess  some  activity,  is  seen  by  the  fact  that  their 
distillates  yield  less  color  than  a  blank  control  of  the  solution,  which 
has  also  been  subjected  to  distillation.  AVe  may  refer  first  to  the 
results  obtained  with  phenol  and  then  to  those  with  indol. 

Order  of  Activity  of  Different  Cells. — Of  the  twenty-seven  observa¬ 
tions  on  phenol,  it  is  seen  that  the  liver  distillate  gave  the  smallest 
amount  of  color  in  all  twenty-seven  cases,  i.  e.,  in  all  instances  the 
activity  of  the  liver  in  dis})osing  of  phenol  was  greater  than  that  of 
any  of  the  reinaining  organs  studied.  In  Table  I  in  which  the  organs 
arc  arranged  in  scries,  according  to  the  color  reactions  of  their  distil¬ 
lates,  this  fact  is  clearly  brought  out  by  the  circumstance  that  all  the 
livers  are  to  be  found  in  the  right-hand  column.  The  table  shows 
further  that  the  kidney  occupies  the  next  place  to  the  liver  as  regards 
activity.  Of  the  twenty-six  cases  in  which  the  kidney  Avas  studied  it 
comes  into  the  column  next  that  of  the  liver  in  eighteen.  In  the  next 
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column  tlie  muscle  occurs  sixteen  times.  In  tlie  next  column  to  the 
left  the  blood  is  found  in  twelve  cases.  In  the  next  column  to  the 
left  the  brain  is  found  eleven  times.  Finally,  in  the  firet  column  are 
seen  all  the  control  obsciwations  made  upon  blank  solutions  of  phenol 


like  those  that  we  used  in  the  contacts.  In 

most  instances  it 

was 

possible  to  obtain  a  g'l 

adation  of  color. 

AVliei 

e  dilferent  tissues 

gave 

the  same  tint,  this  is 

indicated  bv  the  line  drawn  under 

the  letters 

designating  these  tissues. 

TABLE  I.— EXPERIMENTS  WITH  PHENOL. 

CONTACT  METHOD. 

No.  hours  contact. 

o  Blank 

Bu 

Bd 

M 

K 
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3  “ 

Bd 

Bn 
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3  “ 
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Bu 

Bd 
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Bu 
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Bu 

Bd 

K 

-M 
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3 

Bd 

Bu 

M 

K 
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3 

Bu 

Bd 
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K 

L 

3 

Bd 

Bu 
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K 

L 

3 

Bu 

Bd 
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K 
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3  “ 

Bd 

K 

Bu 
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L 

3  “ 

Bu 

Bd 

M 

K 

L 

21  “ 

- 

Bd 
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K 
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<i  “ 
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Bd 
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Bd 
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M 

K 

I. 

2  “ 
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Bd 
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2  “ 

Bu 

Bd 

M 

K 
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About  2  hours.  “ 

Bd 

Bn 

M 
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L 

3 

Bu 

Bd 
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K 

L 

3  “ 

Bd 

Bu 
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M 

L 

1  “ 
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Bu 
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K 
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3 

Bu 

Bd 

.M 

K 

L 

3  “ 

Bd 

Bu 

K 

M 

L 

B(l=Blood,  Bu  =  Brain,  M  =  Muscle,  K  =  Kidney,  L  =  Liver. 
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Thus  it  is  evident  that  in  all  instances  the  blood,  hrain,  muscle, 
kidney  and  liver  exerted  some  intlnence  in  transforming  a  certain 
amount  of  phenol  so  that  it  no  longer  responded  to  IMillon’s  reagent. 
The  results  show  veiy  clearly  that  in  point  of  activity  the  liver  leads, 
Avith  the  kidney  a  close  second  and  the  muscle  third.  The  hlood  and 
brain  occupy  the  fourth  and  fifth  places,  although  they  are  both  less 
active  than  the  muscle.  The  brain  and  blood  are  much  alike  in  their 
behavior  and  appear  to  exert  little  action  on  the  phenol.  On  the  other 
hand,  the  action  of  the  liver  is  often  sufficient  to  yield  only  a  very 
feeble  color  reaction  Avitli  a  solution  of  the  strength  employed. 

Looking  now  at  the  results  in  the  case  of  indol  (Table  II)  it  is  seen 
by  the  table  that  here  there  is  less  uniformity  than  in  the  case  of 
phenol.  There  are  thirty  obseiwations  in  all,  but  in  many  of  these  a 
gradation  of  color  through  the  series  is  impossible,  so  that  many  ties 
are  noted  in  the  table.  Taking  the  liver  first,  it  is  seen  that  there  are 
eleven  cases  in  which  it  leads  in  activity,  ITvice  it  is  tied  with  the 
kidney,  once  with  the  brain,  tA\fice  Avith  muscle  and  brain,  tAvice  Avith 
kidney  and  brain,  and  once  Avith  kidney,  muscle  and  blood.  In  s})ite 
of  these  tics,  hoAvever,  it  is  clear  that  the  liver  leads  the  other  organs  in 
activity.  But  the  kidney  is  a  A’ery  close  second  and  is  found  five  times 
in  the  column  indicating  the  greatest  activity. 

AVithout  going  into  further  detail,  it  may  l)e  stated  that  uotAvith- 
standing  numerous  irregularities,  the  table  indicates  that  the  order  of 
activity  of  the  cells  acting  on  indol,  is  as  follows:  liver,  kidney,  muscle, 
brain  and  blood.  BetAveen  the  activity  of  brain  and  muscle  there 
seems  little  difference. 

In  one  respect  these  results  differ  from  those  obtained  in  the  case  of 
phenol, — the  blood  shoAvs  the  smallest  action  of  any  member  of  the 
series,  a  degree  of  activity  a})parently  less  than  in  the  case  of  phenol. 

Isolated  trials  of  the  activity  of  the  epithelium  lining  the  small  intes¬ 
tine  of  the  rabbit  indicate  that  these  cells  possess  a  high  grade  of 
cff’ectiA'^eness,  comjjarable  to  that  of  liver  cells.  The  cells  of  the  spleen 
]ml[>  are  similarly  but  someAvhat  less  acth’e.  Obseiwations  Avere  also 
made  Avith  potato  in  order  to  ascei-taiu  Avliether  the  properties  noted  in 
aninial  cells  ])ertain  also  to  vegetable  tissues.  The  results  indicate  a 
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moderate  degi’ee  of  activity  on  tlie  part  of  potato  in  transforming 
phenol.  Similar  trials  with  egg  albumen  showed  absolutely  no  action 
on  the  part  of  the  proteid  material.  Experiments  with  gelatine  gave 
entirely  negative  results. 

TABLE  II. -EXPERIMENTS  WITH  INDOL.  CONTACT  METHOD. 

No.  Hours  Contact. 


'2 

Blank 

Bn 

Bel 

M 

K 

L 
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Experiments  were  made  to  establish  the  influence  of  the  time  ele¬ 
ment  in  the  contact  procedure.  In  some  instances  the  duration  of  the 
contact  was  twenty-four  hours.  The  organ  pulps  subject  to  this 
long  exposure  showed  uo  greater  action  than  those  exposed  for  only 
one  hour.  There  is  good  evidence  that  the  action  is  normally  com¬ 
plete  at  the  end  of  the  hour  and  that  the  greater  part  of  the  trans¬ 
formation  occurs  in  the  first  few  miniites.  Organ  pulps  protected 
against  putrefactive  change  show  veiy  little  diminution  in  activity 
even  after  the  lapse  of  several  days. 

The  Infusion  Method. — The  second  method  employed  in  the  study 
of  the  action  of  the  different  organs  on  phenol  and  indol  consists  of 
making  intravenous  infusions  of  solutions  of  these  substances. 
Usually  the  injections  were  made  until  nervous  symptoms  appeared. 
The  animals  were  then  killed  promptly  and  definite  weights  of  the 
liver,  kidney,  muscle,  brain  and  blood  were  subjected  to  distillation. 
Color  tests  were  then  made  on  the  distillates,  so  that  the  quantity  of 
phenol  and  indol  found  in  the  different  tissues  might  be  roughly  com¬ 
pared.  In  order  to  minimize  the  influence  of  an  admixture  of  blood 
with  the  cell  pulps  the  animals  were  bled  to  death. 

It  is,  of  course,  evident  that  owing  to  the  time  that  must  elapse 
between  the  death  of  the  animals  and  the  beginning  of  distillation, 
some  transformation  must  go  on  during  the  iuteiwal,  and  thus  give  rise 
to  a  source  of  en’or  in  the  results.  The  operations  were,  however, 
carried  on  with  the  smallest  delay  and  it  does  not  seem  })robable  that 
this  source  of  eiTor  can  seriously  influence  the  results. 

A  review  of  the  results  shows  that  there  is  much  confusion  in  the 
order  of  the  color  tints.  Nevertheless  a  certain  degree  of  order  can  be 
observed  in  the  gradation  of  color.  The  muscle  occurs  in  the  right 
band  column  in  ten  of  eighteen  observations  made  with  phenol  and 
in  three  further  observations  the  muscle  is  tied  with  the  blood  or  liver. 
There  is  thus  no  doul)t  that  the  muscle  distillates  in  these  experiments 
exhibit  less  color  tlian  tliose  of  any  other  organ.  The  interpretation 
of  this  result  is  not  entirely  clear.  It  may  be  due  to  the  fact  that  less 
])henol  has  passed  into  tlie  muscles  from  the  blood  or  it  may  be  due  to 
the  fact  that  the  phenol  entering  the  muscles  is  more  rapidly  trans- 
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foraied  than  the  phenol  which  goes  elsewhere.  The  results  of  the  con¬ 
tact  experiments  are  perhaps  of  help  in  the  interpretation  of  the  be¬ 
havior  of  the  muscle.  It  will  he  recalled  that  these  obsei’vations 
showed  the  ninscles  to  he  less  active  than  the  liver  or  kidney.  Unless, 
therefore,  we  assume  that  the  activity  of  the  muscles  is  relatively  less 
outside  the  body  than  when  the  blood  is  passing  through  them,  it 
appears  probable  that  the  muscle  takes  up  less  of  the  phenol  than  do 
other  organs.  According  to  this  view  the  position  of  the  muscle  in 
the  injection  experiments  would  be  largely  due  to  their  slighter  absorp¬ 
tion  of  phenol  from  the  blood. 

As  regards  the  position  of  the  kidney,  liver,  brain  and  blood  in  the 
phenol  injection  experiments,  it  is  difficult  to  establish  a  definite  order 
in  the  color  results.  The  liver  and  kidney  in  the  average  of  results 
appear  not  to  differ  much.  Both  show  more  color  than  the  muscles. 
This  cannot  be  attributed,  in  the  light  of  the  contact  experiments,  to  an 
inferior  ability  to  transform  the  phenol,  hut  is  due  rather  to  the  greater 
storage  of  phenol  in  these  organs  during  the  injection.  Finally  the 
brain  and  blood  show  a  still  stronger  coloration  than  the  liver  and 
kidney.  This  is  not  sui'prising,  as  the  contact  experiments  clearly 
indicate  that  the  blood  and  brain  are  comparatively  inactive.  In  our 
injection  experiments  sufficient  time  has  not  elapsed  for  the  with¬ 
drawal  of  all  the  phenol  from  the  blood. 

The  observations  relating  to  the  infusion  of  indol  resemble  those 
with  phenol  in  the  irregadarity  of  the  results.  Certain  facts  neverthe¬ 
less  stand  out  clearly.  In  the  case  of  the  indol  as  with  the  phenol 
injection,  the  muscle  is  generally  found  to  contain  less  of  the  infused 
substance  at  the  end  of  the  infusion  than  any  other  tissue.  Here 
again  some  difficulty  arises  in  interpreting  the  results.  Is  the  small 
content  of  indol  due  to  small  absorption  or  to  active  tranformation  into 
some  other  substance?  Beferring  to  the  cx})eriments  with  the  indol 
contacts,  it  will  be  recalled  that  the  muscle  exerts  less  onei'gy  in  trans¬ 
forming  indol  than  either  the  liver  or  the  kidney.  Unless,  therefore, 
the  absorption  of  indol  were  less  than  in  the  case  of  the  kidney  and 
liver  the  })osition  of  the  muscle  in  the  series  could  not  be  accounted 
for.  It  seems  iwobahle  that  the  slighter  ahsoi’j)tion  together  with  the 


314  Action  of  Cells  on  Phenol  and  Indol 

moderately  active  transforming  power  of  muscle  suffices  to  explain 
its  behavior. 

Another  fact  which  deserves  comment  is  the  position  of  the  liver  in 
the  series.  In  a  very  large  proportion  of  cases,  the  liver  yielded  moi'e 
color  than  any  other  tissue.  This  striking  result  can  hardly  he 
accoitnted  for  except  on  the  ground  that  the  liver  is  more  active  than 
any  other  tissue  in  removing  indol  from  the  blood.  There  certainly  is 
no  reason  to  think  tlie  liver  less  active  than  other  tissues,  if  we  can  he 
guided  by  our  contact  expoiiments.  Our  inference  is  that  the  liver 
takes  indol  from  the  blood  much  more  actively  than  it  does  phenol. 
The  ability  of  the  liver  to  disjvose  of  the  indol  stored  up  at  the  end  of 
the  infusion  is  illustrated  by  the  fact  that  if  the  animal  be  not  killed 
until  the  lapse  of  twenty  or  thirty  minutes,  the  amount  of  indol  stored 
in  the  liver  is  no  greater  than  that  found  in  the  other  organs.  This 
fact  has  been  verified  by  numerous  observations. 

The  following  observation  has  reference  to  the  exceptional  behavior 
of  the  tissues  in  an  individual  animal.  As  an  example  of  individual 
variation  on  the  part  of  the  cells  it  appears  of  sufficient  importance  to 
be  mentioned  here.  A  rabbit  weighing  1900  grammes  received  an  in¬ 
fusion  of  saturated  indol  solution  at  the  rate  employed  in  other  observa¬ 
tions.  Before  the  injection  was  begun  the  animal  seemed  unusually 
nervous.  After  the  injection  was  begun,  spasm  came  on  early  and  the 
pupils  became  very  small.  The  irritative  symptoms  soon  wore  away 
but  the  animal  continued  restless.  The  total  amount  of  the  infusion 
was  28  c.  c.  of  a  saturated  solution  in  water.  The  animal  died  half  a 
minute  after  the  close  of  the  injection,  and  was  bled  from  the  heart. 
The  striking  peculiarity  in  the  behavior  of  this  animal  during  the  in¬ 
fusion  was  that  the  nervous  symptoms — spasm,  contracted  pupil  and 
restlessness — came  on  much  earlier  than  is  usual.  Another  peculiarity 
of  the  animal  was  the  readiness  with  which  the  muscle  substance  could 
be  torn. 

On  studying  the  organs  in  reference  to  their  content  of  indol,  it  was 
found  that  the  kidneys,  the  liver  and  the  muscle  contained  only  the 
smallest  traces  of  indol.  The  blood  and  the  brain  on  the  other  hand 
contained  a  large  amount  of  indol,  that  is,  they  yielded  a  strong  color 
reaction.  This  behavior  on  the  part  of  the  various  tissues  is  quite  with¬ 
out  parallel  in  our  experience.  It  is  evident  that  in  this  case  the  liver, 
kidney  and  muscle  were  unable  to  remove  indol  from  the  blood  with  the 
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iisnnl  promptitiide.  The  brain  on  the  other  hand,  took  out  a  larger 
amount  than  is  usual  and  one  is  tempted  to  connect  the  very  pronounced 
nervous  symptoms  observed  in  this  animal  with  the  relatively  large  quan¬ 
tity  of  indol  found  in  the  brain.  It  also  seems  likely  that  the  inability 
of  tlie  liver,  kidney  and  muscle  to  remove  the  poison  from  the  blood  was 
dependent  on  some  constitutional  peculiarity. 

Nature  of  the  Action  Exerted  hy  the  Cetls. — In  the  course  of  the 
preceding  pages  reference  has  re]^>eatedly  been  made  to  the  activity  of 
tlie  liver,  kidney,  muscles,  etc.,  in  effecting  the  ti’ansformation  of 
phenol  and  indol.  IVhat  is  the  nature  of  this  transformation  which 
leads  to  the  disappearance  of  a  portion  of  the  phenol  and  indol  brought 
into  relation  with  the  living  cells?  This  question,  Avhich  has  a  high 
degi’ee  of  biological  interest,  cannot  at  present  be  satisfactorily 
answered.  There  are,  however,  certain  facts  relating  to  the  subject 
which  may  be  briefly  considered  here. 

In  the  first  place,  it  is  clear,  from  the  observations  cited,  that  the 
processes  by  which  phenol  and  indol  are  altered,  are  carried  on  much 
more  actively  in  the  cells  of  the  liver  and  kidney,  and  probably  also  in 
those  of  the  muscle,  than  in  the  blood.  The  property  of  effecting 
these  changes  is  unquestionably  inherent  in  the  cells  themselves  and 
the  transformation  in  the  organism  must  occur  in  the  blood  in  com¬ 
paratively  slight  degree.  This  fact  is  in  accord  with  the  teaching 
of  modern  physiology  in  reference  to  the  seat  of  the  oxidizing  changes 
that  occur  -within  the  body  during  life. 

In  recent  years  several  investigator’s  have  devoted  attention  to  the 
nature  of  the  oxidizing  processes  that  are  carried  on  in  the  cells.  The 
methods  and  results  of  certain  of  these  observers  have  some  resenr- 
blance  to  the  methods  and  results  that  have  been  refeiTed  to  in  this 
paper. 

Jaquet  *  appears  to  have  been  the  first  to  make  observations  as  to  the 
occurrence  of  oxidating  processes  in  cells  that  have  been  removed  from 
the  body.  He  found  that  in  lungs  cut  out  of  the  body,  one  gramme  of 
benzyl  alcohol  added  to  blood  circulating  experimentally  through  the  or¬ 
gans  was  oxidized  and  yielded  185  grm.  of  benzoic  acid.  Jaquet  found 

*  UeV)er  die  Ueding-uiigeii  der  O.xydationsvorgiinge  in  den  Geweben,  Arch, 
f.  vxp.  Path.  u.  Pharin.,  1892,  xxix,  p.  380. 
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that  the  oxidation  was  as  complete  if  normal  salt  solution,  instead  of 
blood,  was  employed  as  the  circulating  fluid.  Moreover  he  found  that 
the  tissues  of  the  horse  (kidney  and  muscle)  were  active  even  after  im¬ 
mersion  in  80  per  cent  alcohol  for  14  days,  and  that  an  extract  of  fresh, 
or  alcohol-hardened,  tissues  in  salt  solution  possessed  good  oxidizing 
powers.  These,  however,  were  lost  by  boiling. 

Jamagiwa,*  a  pupil  of  Salkowski,  soon  confirmed  the  results  of  Jaquet. 
lie  found  that  different  tissues  were  active  in  the  following  order  of  de¬ 
crease:  (1)  spleen,  (2)  liver,  (3)  kidney,  (4)  pancreas,  and  (5)  muscle. 
Then  W.  Spitzer  f  found  that  extirpated  tissues  in  general  have  the 
poAver  of  inducing  certain  oxidative  syntheses,  for  example,  the  synthesis 
of  naphthol  and  paraph enyl  diamine  to  form  an  indophenol. 

In  recent  papers  AV.  Spitzer  f  attributes  the  oxidizing  action  of  the 
cell  to  its  nucleoproteid.  He  finds  that  certain  constituents  of  the  pro- 
teid  molecule,  such  as  histon,  also  possess  the  oxidizing  power,  and 
reaches  the  conclusion  that  the  presence  of  iron  is  essential  to  these 
activities. 

Salkowski  J  in  his  more  recent  work  concludes  that  the  ferment  whose 
action  is  noted  in  the  case  of  cells  removed  from  the  body  cannot  be 
identical  with  the  oxidizing  ferment  of  living  cells  because  they  do  not 
oxidize  certain  si;bstanccs  which  are  readily  converted  in  the  living 
body.  This  is  true,  for  example,  of  the  oxidation  of  phenylpropionic 
acid  to  benzoic  acid. 

Such  evidence  as  we  now  possess  certainly*  indicates  that  the  oxida¬ 
tive  changes  carried  on  by*  cells  removed  from  the  body  have  reference 
to  substances  that  are  readily  oxidized.  Thus  the  conversion  of 
benzyd  alcohol  to  benzoic  acid,  of  salicylaldehyule  to  salicy*lic  acid,  of 
arsenious  to  arsenic  acid,  of  benzol  to  phenol,  of  formic  aldehyde  to 
formic  acid,  and  of  methyl  to  formic  acid,  are  all  examples  of  compara- 
th'ely*  readily  induced  oxidations.  AVe  are  as  yet  unjustified  in  hold¬ 
ing  that  such  changes  go  on  with  equal  vigor  in  cells  outside  the  body, 
and  in  the  fully*  living  cells.  Similarly*,  with  reference  to  syntheses, 

*  Ueber  das  Oxydationsferiiient  der  Oewebe,  Centralbl,  f.  d.  med.  W  is~ 
1894,  xxxii,  p.  9i:!. 

t  Die  znckerzerstiJreiide  Kraft  de.s  Dbites  and  der  Gewebe,  Pfliiger’s 
Archiv,  1895,  lx,  p.  .‘iO.l.  Die  Dedoutiinjf  frewisser  Nucleoproteide  fiir  die 
oxydative  Lcistinif>-  der  Zelle,  Ibid.,  1897,  Ixvii,  p.  (115. 

$  Ziir  Kemitiiiss  des  Oxydationsfernients  der  Ge^vebe,  VireboAv’s  Archiv, 
1897,  cxlvii,  p.  1. 
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there  are  certainly  some  which  the  extirpated  cells  cannot  perfonn. 
Spitzer  was  nnable  to  confirm  the  statement  that  the  synthesis  of  urea 
from  ammonium  salts  can  be  made  to  occur  outside  the  body.  Our 
work  with  indol  indicates  that  the  synthesis  of  indoxyl  potassium  sul¬ 
phate  cannot  be  accomplished  by  extirpated  cells.  It  also  seems  im¬ 
probable  that  the  dead  cells  convert  phenol  into  phenol-sulpluiric  acid. 
Yet  we  know  that  these  syntheses  are  performed  in  the  organism, 
probably  by  the  very  cells  which  fail  to  effect  them  outside  the  body. 
It  is  natural  to  ask  whether  the  known  oxidative  activities  of  the  dying- 
cells,  to  which  reference  has  already  been  made,  are  the  same  activities 
that  lead  to  the  disappearance  of  phenol  and  indol  during  contact 
experiments. 

The  order  observed  by  Spitzer,  Salkowski  and  others  in  the  activity 
of  the  different  cells  outside  the  body  agrees  closely  with  the  order 
observed  in  our  contact  experiments  with  phenol  and  indol.  This  fact 
suggested  that  the  (dianges  observed  in  the  case  of  phenol  are  in  the 
nature  of  an  oxidative  transformation.  The  oxidation  of  phenol  leads 
to  the  formation  of  pyrocatechin  and  hydroquinone,  substances  which 
are  met  with  in  the  iirinc  under  certain  conditions  of  disordered 
metabolism.  AYith  a  A’iew’  to  determining  experimentally  Avhether 
such  a  transformation  goes  on  in  the  case  of  phenol  Avhen  this  is 
broAight  into  contact  Avith  fresh  cells,  ten  kilos  of  ox’s  Ih^er  Avere 
reduced  to  a  fine  pulp  and  brought  into  contact  A\fith  a  solution  of 
phenol  and  subjected  to  the  contact  procedure  Avhich  has  already  been 
described.  After  a  sufficiently  long  period  of  contact  an  endeavor 
Avas  made  to  isolate  any  pyrocatechin  or  hydroquinone  Avhich  might 
have  been  formed  during  the  period  of  contact.  It  Avas  found  im¬ 
possible  to  recover  either  of  these  substances.  With  the  method 
employed  it  Avould  have  been  possible  to  recover  these  bodies  had  they 
been  present  in  even  smaller  quantity  than  might  be  expected  from 
the  action  of  so  large  a  bulk  of  liver  cells  upon  phenol.*  The  nega¬ 
tive  results  obtained  indicate  that  the  disappearance  of  phenol  Avhich 
occurs  after  contact  Avith  liver  tissue  docs  not  depend  upon  a  process 
of  oxidation  into  dihydroxy-benzene.  This  conclusion  is  supported 


*  Tlie  method  used  by  K.  Haiiniaiiii.  See  Hoppe-Seyler's  llaiidbiich  der 
J  hysiolof^iseli-  mid  J’athologiseh-Cheiniselien  Analyse,  Uerlin,  1803,  p.  100. 
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by  the  fact  that  phenol  introduced  into  the  circulation  leaves  the  body 
ordinarily  as  phenol  sulphuric  acid  and  not  as  hvdroquinone  or  pyro- 
catechin. 

In  the  case  of  indol  it  is  thought  that  the  first  transformation  that 
occurs  in  the  organism  is  a  process  of  oxidation  into  the  indoxyl 
radical.  It  is  possible  that  this  oxidation  occurs  in  the  liver  but  this  is 
by  no  means  ceiiain.  If  this  be  the  case  the  action  of  the  cells  is 
perhaps  comparable  to  the  oxidative  processes  that  have  been  studied 
by  Spitzer  and  others.  In  what  follows  no  further  reference  will  be 
made  to  the  fate  of  indol  when  acted  upon  by  living  cells.  Attention 
will  be  confined  to  the  discussion  of  the  action  of  the  cells  upon  phenol, 
an  activity  which  appai’ently  belongs  in  airother  category  from  that 
displayed  toward  indol. 

The  view  held  by  Spitzer  and  by  Salkowski  that  the  oxidation  which 
occurs  through  the  action  of  cells  is  dependent  on  the  presence  of  a 
ferment,  raises  the  question  whether  such  an  agency  will  explain  the 
beha^dor  of  cells  toward  jihenol.  The  following  facts  bear  directly 
upon  this  problem:  Seven  grammes  of  liver  reduced  to  a  pulp  were 
brought  into  seventy-five  cubic  centimetres  of  absolute  alcohol  for  one 
hour.  The  usual  amount  of  phenol  was  then  added  to  the  liver  pulp, 
and  after  a  time  subjected  to  distillation.  The  activity  of  the  liver  was 
slightly,  but  only  slightly,  impaired.  In  another  experiment  the  usual 
amount  of  liver  was  boiled  in  fifty  cc.  of  distilled  water,  and  then 
brought  into  relation  with  phenol.  Only  the  slightest  falling  off  was 
noted  in  the  action  of  the  liver.  In  another  case  the  liver  was  exposed 
to  hot  air,  the  temperature  of  the  oven  being  gi’adually  brought  to 
170°  and  kept  there  for  twenty  minutes.  On  exposure  to  the  action 
of  phenol,  the  liver  showed  no  appreciable  reduction  in  activity. 
Again,  seven  grammes  of  the  liver  were  boiled  with  water,  filtered  hot, 
boiled  again  with  water  and  filtered,  and  then  boiled  a  third  time  and 
filtered.  The  pulp  remaining  on  the  filters  showed  itself  capable  of 
acting  upon  phenol  with  only  a  slight  diminution  in  power.  A  test  of 
the  wateiy  extract  of  the  liver  showed  that  it  exerted  only  a  very 
slight  influence  on  phenol.  Other  trials  made  by  bringing  ten  cc.  of 
bichloride  of  mercury  into  relation  with  seven  gi-ammes  of  liver 
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showed  that  this  procedure  only  slightly  diminishes  the  activity  of  the 
cells. 

Similar  obseiwations  made  Avith  a  50  per  cent  solution  of  concen¬ 
trated  sulphuric  acid  yielded  the  same  results.  A  10  per  cent  solution 
of  nitrate  of  silver  was  entirely  Avithout  effect.  In  the  case  of  the 
e.xperiments  Avith  bichloride  of  mercuiy,  sulphuric  acid  and  nitrate  of 
sih'er,  the  time  of  exposure  of  the  liA^er  cells  AA’as  one  hour. 

In  A'ieAV  of  the  facts  just  cited  it  appears  in  the  highest  degree  im¬ 
probable  than  any  considerable  ferment  action  can  be  attributed  to  the 
liver  cells  in  connection  AA’ith  their  behavior  toAvard  phenol.  Another 
consideration  Avhich  harmonizes  Avith  this  conclusion  is  the  fact  that  it 
is  possible  to  completely  exhaust  the  activity  of  the  liver  cells  by 
repeated  exposure  to  the  action  of  phenol. 

Although  no  Avholly  satisfactory  explanation  can  be  advanced  as  to 
the  nature  of  the  phenomenon  under  discussion,  one  is  led  to  speculate 
Avhether  aa’c  have  not  to  deal  AA’ith  some  loose  combination  of  the 
phenol  molecules  Avith  the  molecules  of  the  cell  substance.  That  the 
combination  betAveen  the  cells  and  j^henol  is  a  loose  one,  is  suggested 
by  the  fact  that  phenol  absorbed  from  the  intestine  or  injected  into  the 
circulation,  reappears  in  the  nrine  as  phenol  sulphuric  acid.*  It 
AV’ould  also  appear  that  the  protoplasm  of  the  cell  suffers  no  damage 
AA’hen  exposed  to  the  action  of  phenol  Avithin  physiological  limits.  The 
product  formed  by  this  combination  of  phenol  Avith  the  cell  substance 
muy  perhaps  be  likened  to  some  of  the  numerous  addition  products 
knoAA’ii  to  chemistry. 

Tlie  belief  that  the  combination  of  phenol  AAuth  the  living  jArotoplasm 
of  the  liver  cells  is  a  loose  one,  harmonizes  Avell  AA’ith  the  rapid 
elimination  of  phenol  folloAving  the  introduction  of  this  substance  into 
the  circulation.  It  is  obvious  that  it  AA’ould  bo  advantageous  to  the 

*  The  phenol  Avhich  enters  the  organism  leaves  the  body  almost  quanti¬ 
tatively  in  the  form  of  phenol,  as  is  aa’cII  shoAvn  by  the  folloAving  exiieri- 
luent:  Into  a  large  rabbit  .080  grammes  of  phenol  in  watery  solution  were 
injected '  intravenously.  The  urine  was  collected  for  twenty-four  hours 
and  the  phenol  contained  in  the  urine  was  determined  by  means  of  the 
iodine  and  sodium  thiosulphate  method.  The  quantity  of  j)henol  recoA’- 
ered  Avas  .0817  grins.  It  is  possible  that  a  feAV  milligrammes  of  this  phenol 
Avere  derived  from  the  intestine  of  the  animal.  The  observation  indieates, 
hoAvever,  that  the  greater  jiart  of  the  phenol  introduced  Avas  recovered. 
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organism  for  phenol  to  he  temporarily  held  by  the  hepatic  cells  while 
the  neutralization  of  the  poison  through  combination  with  snlphnric 
acid  is  taking  place.  The  manner  in  which  snch  an  arrangement 
would  protect  the  nervous  system,  which  is  highly  sensitive  to  the 
action  of  phenol,  is  sufficiently  evident. 

One  other  fact  deserves  mention  in  this  connection.  This  has 
reference  to  the  hypothesis  advanced  by  0.  Loew*  that  phenol  acts 
upon  living  protoplasm  by  enteiing  into  combination  with  the  labile 
groups  which  it  contains,  and,  especially,  groups  possessing  an  alde¬ 
hyde  structure.  With  a  view  to  testing  this  hypothesis  the  liver  cells 
Avere  subjected  to  the  action  of  solutions  of  hydroxylamine,  which 
enters  readily  into  combination  Avith  aldehydes.  LiA’er  pulps  treated 
in  this  AA\ay  shoAved  themselves  to  be  as  active  or  nearly  as  active  in 
the  conversion  of  phenol  as  normal  livers. 

In  conclusion  the  opinion  may  be  ventured  that  AvhatcA^er  may 
ultimately  be  learned  of  the  nature  of  the  phenomenon  under  discus¬ 
sion,  it  is  likely  that  the  capacity  of  cells  to  act  upon  phenol  is  only 
one  expression  of  a  function  that  can  be  exerted  upon  numerous  allied 
aromatic  substances,  and  it  is  even  possilde  that  a  similar  action  may  be 
exerted  upon  some  non-aromatic  bodies. 

Action  of  Hepatic  Cells  under  Pathological  Conditions. — As  already 
mentioned  the  degree  of  action  exerted  by  the  liver  cells  upon  phenol 
and  indol  is  fairly  uniform.  This  fact  suggested  the  possibility  of 
recognizing  alterations  in  the  capacity  of  the  liver  cells  to  transform 
these  substances  under  pathological  conditions.  It  Avas,  therefore, 
determined  to  make  a  series  of  studies  of  the  liver  cells  of  animals 
Avhich  had  been  subjected  to  different  pathological  influences.  These 
observations  include  a  study  of  the  effects  of  prolonged  anaesthesia,  of 
poisoning  by  alcohol,  ammonium  chromate,  morphine,  etc.,  and  of 
staphylococcus  infection. 

It  is  clear  that  it  is  a  matter  of  eousiderable  theoretical  interest  to 
kuoAv  Avhether  a  deflnite  impairment  of  functional  activity  in  the  cells 
of  the  liver  and  kidney  is  bound  up  Avith  pathological  influences  like 
those  just  named.  Efforts  Avere,  therefore,  made  to  reach  a  decision 
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upon  this  question  although  the  difficulties  attending  these  efforts  were 
found  to  be  somewhat  discouraging. 

The  chief  difficulty  arises  from  the  fact  that  the  differences  between 
the  action  of  the  normal  and  the  pathological  tissues  are  not  great. 
This  is  what  might  have  been  expected  in  Anew  of  the  resistance 
exerted  by  cells  to  the  action  of  sulphuric  acid,  alcohol,  etc.  In  order 
to  establish  the  existence  of  such  slight  vacations  from  the  normal  it 
was  found  necessaiy  to  exercise  great  caution  in  making  comparisons 
between  the  distillates  from  the  normal  and  the  presumably  pathologi¬ 
cal  organs.  '  It  Avas  soon  found  that  the  differences  in  the  action  of  the 
kidneys  and  muscles  Avere  usually  so  slight  in  the  pathological  cases,  as 
conqiared  Avith  the  normal,  that  no  inferences  could  usually  be  made. 
Only  in  the  case  of  the  liver — the  organ  in  Avhich  action  upon  phenol 
and  indol  is  the  most  energetic  in  conditions  of  health — Avas  it  possible 
to  obtain  satisfactorily  results. 

'I’he  distillates  from  the  livei's  of  pathological  animals  obtained 
through  the  contact  method  ”  already  described  Avere  compared  not 
merely  Avith  individual  distillates  from  the  liver  of  nonnal  animals,  but 
also,  in  many  instances,  Avith  mixtures  of  the  distillates  of  the  liver 
from  many  different  animals.  Great  care  Avas  taken  to  make  the  con¬ 
ditions  of  the  experiments  the  same  as  regards  freshness  of  the  organs, 
duration  of  the  contact,  quantity  of  distillates,  amount  of  reagent 
added  to  give  color,  etc. 

Anaesthesia  hy  Ether  and  Chloroform. — The  observations  upon 
ether  and  chloroform  included  fifteen  cases  in  Avhich  ether  Avas  used 
for  anaesthesia  and  nine  cases  in  Avhich  chlorofonn  Avas  employed.  Of 
the  fifteen  cases  of  anaesthesia  the  liver  cells  Avere  brought  into  contact 
Avith  phenol  in  eleven,  Avith  indol  in  four.  Of  the  nine  cases  of 
chloroform  anaesthesia  the  livers  Avere  subjected  to  the  action  of 
])henol  in  four  cases,  to  that  of  indol  in  five. 

The  rabbits  subjected  to  etherization  Avere  kept  under  the  influence 
of  the  anaesthetic  for  periods  varying  from  five  minutes  to  five  hours 
in  different  cases.  Although  in  four  of  the  nine  instances  in  Avhich 
phenol  contacts  Avere  made,  the  liver  did  not  shoAV  the  gi’eatest  activity 
of  any  member  of  the  series,  in  the  remaining  cases  the  liA’er  main- 
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tallied  its  place  as  the  most  active  organ.  In  most  instances,  how¬ 
ever,  the  transformation  of  phenol  was  distinctly  less  than  that  effected 
by  normal  livers  employed  as  controls.  A  similar  difference  was  noted 
in  the  case  of  three  of  the  four  indol  contact  observations.  In  the 
fourth  case  where  the  animal  had  been  under  ether  for  two  honrs  and 
a  quarter  the  brain,  blood,  liver,  kidney  and  muscle  showed  very 
slight  differences  in  activity  and  the  inference  seems  wan’anted  that 
the  activity  of  the  liver,  muscle  and  kidney  are  all  below  the  normal. 

The  observations  upon  chloroform  anaesthesia  give  even  more  defi¬ 
nite  results  than  those  with  ether.  In  two  of  the  four  cases  where 
phenol  was  used  (the  animals  being  anaesthetized  for  three  honrs)  the 
liver  gave  evidence  of  lessened  activity.  In  the  two  remaining  cases 
the  liver,  muscle  and  blood  showed  little  or  no  difference  in  activity, 
a  condition  indicating  that  both  liver  and  muscle  were  less  active  than 
normal.  In  four  of  the  five  obsen-ations  with  indol  the  liver  was  dis¬ 
tinctly  less  active  than  the  nonnal  controls.  In  the  fifth  case  the 
result  was  just  the  reverse. 

Taking  the  results  of  these  experiments  with  anaesthesia  as  a  whole 
there  can  be  no  doubt  that  the  prolonged  action  of  chlorofonn  and  of 
ether  depresses  the  activity  of  the  liver  in  the  conversion  of  phenol  and 
indol.  In  exceptional  instances  it  is  not  possible  to  detect  this  infiu- 
ence  but  the  exceptions  are  so  few  that  they  do  not  affect  the  general 
result. 

Poisoning  hy  Alcohol. — Ten  observations  were  made  upon  rablnts 
which  had  been  subjected  to  the  action  of  subcutaneous  injections  of 
25  per  cent  alcohol.  The  periods  of  intoxication  varied  from  a  few 
houi-s  to  four  days.  The  dose  of  alcohol  was  large  in  every  instan(*e 
and  the  animals  were  well  under  the  influence  of  the  poison.  Thus  in 
several  cases  the  animal  received  160  cc.  of  25  per  cent  alcohol  in 
three  days  and  lay  in  a  stupor  most  of  the  time. 

Two  of  the  ten  obseiwations  were  made  with  indol,  eight  Avith 
phenol.  The  periods  of  contact  Avere  varied  from  tAvo  to  tAventy  hoTirs 
in  certain  instances,  the  other  conditions  of  the  experiment  being  kept 
the  same,  but  no  differences  in  the  results  Avere  detected  Avhich  Avere 
referable  to  the  differences  in  the  length  of  contact.  In  a  fcAV  cases 


C.  A.  Herter  and  A.  d.  AVakcnuaii 


323 


tlie  aetiA  itv  of  tlie  lAer  Avas  less  than  that  of  the  normal  controls,  but 
more  often  no  distinct  falling  off  from  the  normal  could  be  detected. 
Although  Ave  are  not  prepared  to  state  that  acute  intoxication  from 
alcohol  is  Avholly  dcAmid  of  effect  upon  the  Ih'er’s  action  on  phenol, 
oi;r  observ^ations  make  it  likely  that  there  is  either  no  influence  of  this 
kind  or  that  it  is  very  slight. 

Poisoning  hy  Picin. — Thirteen  trials  AA’cre  made  to  determine 
Avhether  ricin  poisoning  exerts  any  influence  on  the  ability  of  the  liver 
to  dispose  of  phenol  and  indol.  It  AA’as  thought  probable  that  such  an 
influence  AA’ould  be  discernible  as  ricin  has  been  shoAvn  to  cause  Avell- 
defined  histological  changes  in  the  liver,  kidney,  etc.*  The  dose 
employed  Avas  unfortunately  too  large  (.001  gnu.  to  the  kilo)  and 
the  duration  of  the  poisoning  AA’as  too  short  (less  than  thirty  hours)  to 
dcATlop  the  degcneratiA’e  lesions  refeiTcd  to.  The  results  in  the 
thirteen  cases  Avere  negative. 

Ammonium  Chromate. — Obsei-A’ations  AA’ere  made  upon  four  rabbits 
poisoned  Avith  ammonium  chromate.  The  animals  recerted  tAVO  doses 
hypodermically  of  .025  ammonium  chromate  and  were  killed  on  the 
third  day.  The  behavior  of  the  Irter  cells  did  not  positrtely  differ 
from  that  of  normal  cells  subjected  to  the  same  process  of  contact  Avith 
phenol  and  indol  preA’ious  to  distillation. 

Staphylococcus  Infection. — The  influence  of  staphylococcus  inb.'c- 
tion  Avas  studied  in  tAvo  cases.  The  rabbits  received  five  cc.  each  of 
a  culture  of  Staphylococcus  pyogenes  aureus  groA\’n  two  days  in  boAiil- 
lon.  The  organism  Avas  obtained  from  a  patient  Avith  follicular  ton- 
silitis.  The  animals  Avere  pennitted  to  live  one  Aveek,  during  Avhich 
time  they  lost  considerable  Aveight.  They  Avere  then  killed  by  bleed-, 
ing  and  the  tissues  subjected  to  the  usual  procedure.  In  .both  cases 
the  differences  in  the  activity  of  the  brain,  blood,  muscle,  kidney  and 
liver  Avere  less  than  is  usual  in  normal  series.  The  distillate  from  the 
Ih’ers  in  the  two  cases  AA’as  more  colored  than  is  usual  in  the  case  of 
normal  livers. 

These  observations  appear  to  indicate  that  in  staphylococcus  septi- 

*  Flexner,  The  Histological  Changes  Produced  by  Ricin  and  Abrin  Intox¬ 
ications,  Joiirual  of  Experimental  Medicine,  18'J7,  ii,  p.  197. 
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cicmia  there  is  some  impairment  of  the  activity  of  the  liver  and  kidney, 
l)nt  they  can  hardly  he  looked  upon  as  conclusive. 

Morphine  Poisoning. — Eight  ohsers’ations  were  made  upon  rabbits 
under  the  influence  of  moi’phine.  The  animals  received  from  five  to 
eight  grains  of  sulphate  of  morphine.  Some  of  the  animals  lived  only 
a  few  hours,  othei’s  lived  as  long  as  two  days.  In  four  instances  the 
activity  of  the  liver  as  compared  with  that  of  normal  controls  was 
apparently  somewhat  lessened,  but  the  deviation  from  the  normal  state 
was  very  slight.  In  every  case  except  one  the  nruscle  showed  gi’eater 
capacity  for  transfonning  phenol  than  did  the  normal  muscle.  In 
several  instances  the  difference  was  considerable  as  indicated  by  the 
color  reaction.  In  several  instances  the  kidney  also  showed  air  appar¬ 
ently  increased  activity. 

Double  Nephrectomy. — In  five  instances  a  double  nephrectomy  was 
perfoirncd  with  a  view  to  seeing  whether  the  removal  of  the  kidneys 
is  instrumental  in  impairing  the  activity  of  the  liver.  The  animals 
were  killed  in  from  twentj’-two  to  twenty-four  hours.  In  all  cases  the 
liver  showed  a  slight  falling  off  in  activity  as  compared  with  normal 
controls.  The  muscle  and  kidney,  as  in  the  case  of  morphine  poison¬ 
ing,  showed  in  all  cases  somewhat  greater  capacity  than  usual  but  the 
differences  were  slight. 

Pnfusion  of  One  per  cent  Acetic  acid  Sohdion. — AVith  a  view  to 
learning  rvliether  a  reduction  in  the  alkalinity  of  the  blood  has  any 
influence  upon  the  liver,  a  1  per  cent  solrrtioir  of  acetic  acid  in  a  1  per¬ 
cent  sohrtion  of  sodium  chlor-ide  was  infused  intravenously  at  the  rate 
of  ")  cc.  a  minute.  I'he  animal,  a  medium  sized  dog,  went  into  corrra 
before  the  comjdetion  of  the  infusion,  Avhich  consisted  of  130  cc. 
I’lie  animal  excreted  no  urine  during  the  period  of  injection.  It  was 
found  that  the  activities  of  the  liver,  brain  and  muscle  were  about  the 
same  and  distinctly  inferior  to  the  actiorr  of  the  kidney.  A  siirrilar 
relationship  has  not  been  observed  in  normal  dogs  and  it  seems 
probable  that  the  infusiorr  of  acid  distinctly  reduced  the  activity  of  the 
liver. 

A  siirrilar  observation  with  acetic  acid,  conducted  on  a  large  rabbit, 
gave  a  result  comparable  to  that  just  noted  in  the  case  of  the  dog. 
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Benzoic  Aldehyde  Poisoning. — In  these  instanees  a  saturated  solu¬ 
tion  of  benzoic  aldehyde  in  water  (1  part  to  30)  was  infused  into  the 
venous  circulation  at  the  rate  of  5  cc.  per  minute,  until  the  animals 
died  after  developing  symptoms  of  poisoning.  The  quantity  of  the 
solution  infused  varied  from  80  to  210  cc.  in  the  different  cases.  The 
livers  from  these  rabbits  showed  some  falling  off  in  relation  to  their 
action  on  phenol.  It  was  found,  however,  that  the  benzoic  aldehyde 
employed  in  the  experiments  gave  a  slight  reaction  with  Millon’s 
reagent,  and  it  is  therefore  possible,  though  not  probable,  that  the 
abnonnal  behavior  of  the  liver  depends  on  the  presence  of  phenol  in 
the  benzaldehyde  in  addition  to  the  phenol  added  in  the  course  of 
the  contact  procedure.  It  is  to  be  regretted  that  this  source  of  error 
exists,  as  it  would  be  interesting  to  know  whether  the  exhaustion  of  the 
oxidative  activity  of  the  liver  upon  a  readily  oxidizable  substance  like 
benzaldehyde  necessarily  causes  impairment  of  the  ability  to  trans¬ 
form  or  bind  phenol. 

Infusion  of  Urea. — Infusions  of  urea  were  made  in  several  in¬ 
stances  with  a  view  to  overworking  the  kidneys  and  observing  whether 
such  overwork  causes  any  impairment  in  the  activity  of  the  kidney  in 
converting  phenol.  The  results  obtained  were  wholly  negative. 

In  addition  to  the  various  experimental  observations  recorded  above, 
a  number  of  trials  were  made  upon  fatty  and  cinliotic  livers  from 
human  subjects.  Owing  to  the  delay  incidental  in  obtaining  human 
material  after  death  it  was  impossible  to  obtain  satisfactory  results.  It 
may  be  stated,  however,  that  no  marked  deviations  from  the  normal 
capacity  of  the  liver  to  convert  phenol  were  observed  in  organs  the  seat 
of  the  most  advanced  srtuctural  altex’ations. 

It  is  probably  safe  to  conchide  that  no  pathological  conditions  which 
can  be  induced  in  the  liver  during  life  are  capable  of  destroying,  or 
even  of  greatly  impairing,  the  activity  of  its  cells  in  effecting  the 
conversion  of  phenol.  What  is  true  of  phenol  in  this  connection  is 
likely  to  hold  good  of  indol.  This  view  is  supported  by  the  few 
obseiwations  which  have  been  made  on  indol. 

I’hc  fact  that  this  converting  function  of  the  liver  is  not  greatly 
impaired  in  disease  might  perhaps  have  been  predicted  from  what  has 
22 
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already  been  said  of  tlie  remarkable  functional  resistance  wliicli  tlie 
liver  exhibits  to  the  influence  of  injurious  agencies  outside  the  body. 
This  preservation  of  function  in  disease  is  perhaps  merely  another 
expression  of  the  fundamental  biological  properties  which  we  have 
seen  manifested  by  cells  extirpated  from  the  body.  It  is  only  reason¬ 
able  to  think  that  these  properties  are  closely  connected  with  the 
ability  of  the  body  cells  to  screen  the  organism  and  especially  the 
neiwous  system  from  certain  poisons.  If  this  be  so,  the  phenomena 
refeiTed  to  in  these  pages  deseiwe  further  study  from  pathologists. 


ON  THE  INTERPEETATIOX  OF  PULSE-TRACINGS. 

By  AETHUR  E.  CUSHNY. 

{From  the  Pharmucoloijival  Ldhonitori/  of  the  Unicersittf  of  Miehhjnn.) 

Pl  vtes  XVI  AXD  XVIT. 

The  pliysiology  of  the  nunnnialian  heart  has  advanced  with  such 
rapid  strides  of  late  years,  that  clinical  obseiwers  have  apparently  had 
difficulty  in  keeping-  pace  with  it,  and  hut  little  attempt  has  been  made 
to  adapt  the  theories  of  the  experimental  investigators  to  the  observa¬ 
tions  made  on  the  diseased  heart.  It  is  time  that  the  explanation  of  the 
undulations  on  the  pulse-tracing  and  of  their  modifications  in  patho^ 
logical  conditions  has  engaged  the  attention  of  a  considerable  number 
of  observers,  but  until  quite  recently  the  divergences  of  the  cardiac 
rhythm  from  the  normal  seem  to  have  aroused  little  interest,  and  no 
attempt  was  made  to  explain  the  origin  of  the  irregularities  of  the 
pulse.  In  the  following  pages  I  have  endeavored  to  fill  in  one  hiatus 
existing  between  clinical  observation  and  physiological  experiment. 

The  ventricular  systole  which  causes  the  radial  pulsation  is,  in  the 
normal  heart,  induced  by  an  impulse  descending  from  the  auricle 
through  eonmiunicating  fibres  which  are  generally  held  to  be  formed 
of  muscular  tissue;  the  normal  ventricle  never  contracts  unless  it  is 
excited  by  the  arrival  of  such  an  impulse  from  above.  It  is  obvious 
that  an  irregularity  in  the  ventricle  (and  consequently  in  the  pulse- 
tracing)  may  arise  (1)  from  the  ventricle  failing  to  respond  nonnally 
to  this  impulse  or  from  its  contracting  independently  of  it  or  (2)  from 
the  auricle  failing  to  emit  an  impulse  at  the  ordinary  interval.  Yet 
it  is  only  of  recent  yeai-s  that  the  work  of  Krehl  and  Romberg*  has  led 
to  the  general  recognition  that  an  irregularity  of  the  pulse  may  be  due 
to  disorder  of  the  higher  parts  of  the  heart,  which  determine  the 
normal  rhythm.  Nor  has  the  importance  of  the  auricle  as  a  factor  in 
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ventricular  iiTegularity  been  appreciated  apparently  by  pathologists 
as  yet,  for,  with  the  exception  of  Radasewsky’s*  paper*,  I  have  been 
unable  to  find  any  accounts  of  examination  of  the  auricle  in  cases  of 
irregular  pulse. 

My  attention  was  drawn  to  the  subject  by  the  results  of  a  series  of 
experiments  performed  sonre  years  ago  along  Avith  ^lattheAVS  and 
during  the  last  year  I  have  throirgh  the  kindness  of  Dr.  Dock  and  his 
staff  had  the  opportunity  of  examining  a  considerable  number  of 
sphygmographic  tracings  taken  in  cases  of  irregularity  of  the  pulse.  I 
propose  in  the  folloAving  pages  to  attemirt  to  interpret  these  clinical 
obserA’ations  in  terms  of  our  experimental  results. 

The  object  of  our  experiments,  which  Avere  performed  on  dogs,  Avas 
to  ascertain  the  effects  of  a  single  stimulus  applied  to  the  heart.  It  is 
unnecessary  to  revert  to  most  of  our  conclusions,  Avhich  bear  rather  on 
physiological  than  on  practical  points,  and  Avhich  have  been  published 
elseAvhere.f  Lot  it  suffice  to  state  that  the  movements  of  the  auricle 
and  A*entricle  Avere  recorded  separately  by  a  system  of  levers,  and  that 
in  a  number  of  instances  a  sphygmographic  tracing  Avas  taken  simul¬ 
taneously  from  the  carotid  ai'tery.  AVhen  a  single  electric  shock  Avas 
passed  through  the  ventricle  at  any  time  except  in  the  refractory  period, 
it  AA’as  folloAved  by  a  premature  contraction  of  that  chamber  (Fig.  1, 
p.  329).  In  many  instances  this  contraction  expelled  suflacient  blood 
to  cause  an  undulation  in  the  sphygmographic  tracing,  this  undulation 
being  loAver  than  that  caused  by  a  normal  pulse  and  occumng  at  a 
shorter  interval  than  usual  after  the  last  ordinary  elevation.  But  as  a 
general  rule  the  contraction  of  the  ventricle  (premature  contraction) 
AA'as  too  feeble  to  cause  a  prdsation  of  the  artery.  In  Fig.  1,  a  prema¬ 
ture  systole  (c)  of  the  A*entricle  AA*as  induced  by  an  electric  shock  Avhich 
reached  that  chamber  at  a  point  indicated  by  the  crosslines  X  in  the 
A'^errtricular  tracing.  It  Avas  srrcceeded  by  relaxation,  and  the  ventricle 
therr  rerrrained  quiescent  uirtil  it  Avas  aroused  to  activity  (d)  by  an 
irrrpulse  descerrding  from  the  arrricle.  The  auricular  rhythm  Avas 
unaffected  by  the  irregularity  of  the  A^errtricle.  If  the  corrrse  of  each 
impulse  be  folloAved  from  the  auricle  to  the  A^entricle  and  finally  to 

*  Ztschr.  f.  kl.  Med.,  r895,  xxvii,  p.  38r. 

^Journal  of  Physioloyy,  xxi,  p.  2r3. 
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the  pulse,  it  is  found  that  A  is  followed  by  a  and  then  by  a,  B  hj  b 
and  then  by  h.  But  C  beginning  in  the  auricle  has  no  effect  on  the 
ventricle,  which  it  reaches  during  the  premature  systole  c,  i.  e.  during 
a  refractory  period.  D  is  followed  by  cl,  however,  and  later  by  d  and 
the  normal  sequence  is  then  reinstated.  The  interval  between  the 
normal  pulsations  h  and  cl  or  between  the  ventricular  systoles  h  and  d 
is  determined  by  that  between  the  auricular  contraction  B  and  D. 
And  as  the  auricular  rhythm  is  perfectly  regular  throughout,  the 
interval  B — 1)  is  twice  that  of  B — C  or  twice  A — B  or  D — E.  That 


Fig.  1. 


In  Figs.  1  and  2  tlie  upper  tracing  was  drawn  by  the  ventricle,  the  next 
by  the  auricle,  the  third  by  a  sphyginograph  (Frey’s)  attached  to  the  carotid 
artery,  and  the  fourth  by  a  tuning-fork  swinging  50  times  per  second. 
During  systole  the  auricular  and  ventricular  levers  made  a  stroke  down¬ 
wards.  During  diastole  the}'  rose  again.  For  further  explanation  see  text. 

is,  the  interval  between  the  two  normal  pulsations  of  the  artery,  or  the 
duration  of  the  intermission,  is  equal  to  twice  the  usual  interval  be¬ 
tween  two  pulsations  (pulse-interval). 

A  little  consideration  will  show  that  as  long  as  the  auricle  is  beating 
regularly,  an  intermission  which  is  due  to  ventricular  failure  must 
always  be  equal  to  twice  the  ordinary  inteiwal.  For  example,  had 
there  been  no  premature  contraction  (c)  in  Fig.  1,  but  had  the  ven- 
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tricle  relaxed  and  remained  qniescent  until  it  was  aroused  by  the 
impulse  D,  the  length  of  the  interval  would  have  been  the  same.  So 
that  a  general  law  may  be  fornudated,  that  an  intermission  which  is 
due  to  ventricular  disorder  and  during  ^^']lich  the  auricle  continues 
to  contract  regularly  must  always  he  equal  in  length  to  twice  the 
ordinary  pidse-interval. 


Fig.  2. 

For  explanation  see  Fig'.  1  and  the  text. 


AVhen  an  electrical  shock  is  passed  through  the  auricle  (Fig.  2),  a 
premature  systole  is  caused  in  that  chamber  exactly  as  in  the  ventricle, 
but  it  does  not  remain  limited  to  the  auricle  but  is  transmitted  to  the 
ventricle,  which  contracts  prematurely  as  if  it  had  received  a  direct 
stimulus;  a  weak  premature  ludso  is  sometimes  seen  in  the  artery, 
but  here  again  the  blood  expelled  is  generally  too  small  in  amount  to 
cause  any  a])preciable  movement  and  the  tracing  displays  a  complete 
intermission.  In  Fig.  2,  A  gives  rise  to  a  and  a,  ]i  to  h  and  h  and  C  to 
c,  which  is  not  followed  by  a  distinct  movement  in  the  artery.  The 
next  normal  auricular  systole,  D,  is  followed  by  d  and  d  and  P  by 
e  and  e.  The  only  ditference  from  Fig.  1  apparent  at  first  sight  is  the 
irregularity  of  the  auricle,  and  as  this  is  not  visible  in  tbe  sphygmo- 
graphic  tracing,  it  might  be  supposed  that  ati  irregularity  of  auricular 
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origin  is  followed  by  the  same  changes  in  the  pulse  as  one  arising  from 
ventricular  disorder.  When  the  sphygmographic  tracing  is  subjected 
to  exact  measurement,  however,  a  difference  is  observed  in  it;  the 
intermission  is  shorter  than  twice  the  ordinary  pulse-interval.  For 
example,  if  the  inteiwals  a — &,  h — d,  and  d — e  are  measured,  it  will  be 
found  that  a — h  and  d — e  are  each  equal  to  sec.  If  the  inter¬ 
mission  h — d  were  twice  the  normal  interval,  it  would  last  sec., 
but  in  reality  it  is  only  sec.  in  duration.  The  explanation  of 
this  point  is  simple — the  auricle  itself  gives  rise  to  the  rhythm  of  the 
heart.  The  impulse  leading  to  the  contraction  D  is  not  derived  from 
any  higher  rhythmical  organ,  but  ai-ises  from  the  auidcle  itself. 
When  the  auricle  has  collected  enough  energy  or  irritability  to  cause 
a  contraction,  the  systole  follows,  this  chamber  not  waiting  as  the 
ventricle  does  for  some  impulse  fi’om  without.  The  exact  length  of 
the  intennission  in  these  stimulation  experiments  varies  with  the 
point  in  the  auricular  cycle  at  which  the  electric  shock  was  given,  but 
it  is  unnecessaiw  to  enter  on  this  here.  The  important  fact  is  that  in 
these  experiments  the  intermission  was  always  shorter  than  twice  the 
ordinary  pidse-inteiwal.  Consideration  will  show  that  here  again  a 
general  rule  may  be  formulated,  that  the  intermissions  due  to  auricular 
disorder  are  not  necessarily  equal  in  length  to  twice  the  ordinary 
pulse-interval.  For  example,  the  auricle  may  stand  still  for  any 
interval  of  time  and  then  resume  its  contractions.  It  is  not  neces¬ 
sary  that  it  should  contract  at  the  exact  time  at  which  it  w’ould  have 
done  so  normally,  any  more  than  it  is  necessary  that  if  the  breath 
be  held  for  some  time,  the  next  inspiration  will  follow  at  any  definite 
moment.  AVhen  the  probabilities  of  the  case  are  considered,  it  will 
be  seen  that  the  chances  of  the  auricle  resuming  its  contractions  at 
the  end  of  a  double  pulse-interval  are  small.  The  irritability  of  this 
chamber  increases  very  rapidly  when  it  is  quiescent  and  in  most  cases 
must  reach  the  point  at  which  a  contraction  is  elicited  sooner  than 
after  two  intervals. 

These  considerations  appear  to  be  sufficient  basis  for  the  general 
statement,  that  intermissions  of  the  imlse  ichich  are  due  to  ventricular 
disorder  must  he  equal  in  length  to  two  normal  intervals,  while  those 
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that  are  of  auricular  origin  may  he  of  this  length,  hut  in  the  great 
majority  of  cases  are  not  of  this  duration  hut  shorter.  Conversely, 
intermissions  of  tlie  pulse  which  are  equal  to  two  ordinary  inteiwals, 
are  in  all  probability  yentrieular  in  origin ;  those  which  are  shorter  are 
certainly  not  ventricular  and  are  therefore  due  to  auricular  derange¬ 
ment. 

A  few  examples  of  the  duration  of  the  intermissions  in  the  dog’s 
pulse  under  stimulation  of  the  ventricle  and  auricle  may  seiwe  to 
elucidate  this  question  (Table  1,  p.  343).  It  may  be  stated  that  these 
do  not  by  any  means  exhaust  the  numbers  at  my  disposal,  for  I  have 
made  a  large  series  of  experiments  on  the  subject  and  have  measured 
some  hundreds  of  intermissions,  all  of  which  gave  the  same  resiUt 
without  exception.  I  have  selected  some  of  the  measurements  of  only 
two  of  these  experiments,  however,  which  are  sufficient  to  give  an  idea 
of  the  extent  of  the  variation  in  the  length  of  the  intermissions. 
"When  the  stimulus  resulted  in  a  premature  arterial  pulse,  the  intervals 
before  and  after  it  are  enclosed  in  brackets,  in  order  to  allow  of  a 
comparison  with  those  in  which  there  was  a  complete  intermission. 
In  column  A,  the  duration  of  the  normal  interval  is  given  in  hun¬ 
dredths  of  a  second;  in  column  B,  the  part  of  the  heart  stimulated; 
in  column  C,  the  duration  of  the  intermission  in  hundredths  of  a 
second;  in  D,  the  extent  by  which  this  fell  short  of  two  complete 
intervals  (2A — (7);  and  in  E,  the  fraction  of  a  pulse-interval  repre¬ 
sented  by  this  deficiency  In  the  last  column  the  averages  of, 

Ji 

and  the  extremes  of,  E  are  given  approximately. 

In  Table  1,  it  will  be  observed  that  when  the  intermission  is  due  to 
ventricular  stimulation,  it  is  equal  to  a  double  inten'al,  the  greatest 
deviation  from  'this  amounting  to  only  and  jV  of  the  normal 
pulse-intervals,  numbers  which  may  well  be  considered  within  the 
limits  of  error.  'When  the  stimulus  was  applied  to  the  auricle,  on  the 
other  hand,  the  resulting  intermission  was  invariably  shorter  than  a 
doTible  pause,  the  deficiency  varying  from  to  f  of  a  normal 
pulse-interval  according  to  the  exact  position  of  the  auricle  when  the 
stimulus  reached  it.  It  may  be  added  that  the  deficiency  differs  in 
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different  hearts,  that  in  Experiment  2  being  distinctly  greater  than  in 
Experiment  1;  i.  e.,  in  the  second  experiment,  the  auricle  seems  to 
regain  its  irritability  more  rapidly  than  in  the  first,  and  this  is  probably 
to  be  correlated  with  the  fact  that  the  rhythm  is  faster  in  the  second. 

When  one  attempts  to  apply  the  principles  deduced  from  these 
animal  experiments  to  analysis  of  clinical  sphygmographic  tracings, 
one  is  met  by  the  difficulty  that  in  some  of  these  the  pulse  is  so 
in’egular  that  no  normal  interval  can  be  ascertained  with  certainty. 
These  may  be  passed  OA’er  at  present  and  only  those  tracings  will  be 
considered  in  which  the  rhythm  is  regular  on  the  whole,  but  hi  which 
intermissions  or  other  iiTegiilarities  appear  at  longer  or  shorter  inter¬ 
vals.  In  these  also  there  occur  small  differences  in  the  pulse-interval, 
and  even  in  some  perfectly  normal  indirfduals  a  considerable  valuation 
has  been  shown  to  exist  by  von  der  ]\luhll.*  These  differences 
seldom  amount  to  more  than  one  or  two  hundredths  of  a  second, 
however,  so  that  they  do  not  materially  affect  the  results.  In  order  to 
eliminate  the  eiTor  so  far  as  possible,  I  have  generally  taken  the  aver¬ 
age  of  three  or  four  pulses  preceding  and  following  the  iivegularity 
and  thus  obtained  an  average  inteival,  which  was  compared  with  that 
immediately  preceding  and  immediately  following  the  intermission. 
In  this  way  certainty  could  be  reached  that  the  interval  taken  as  a 
basis  for  the  calculation  really  was  that  which  would  have  occurred  had 
no  iiTcgularity  been  present,  or  at  any  rate  did  not  depart  very  far 
from  this  ideal  inteival. 

The  tracings  were  taken  with  .1  aquet’s  sphygmoehronogTaph,  which 
is  the  only  instrument  available  when  such  minute  intervals  as 
second  have  to  be  dealt  with.  In  analysing  the  tracings  I  have  used 
his  curve-reader  (Curvenanalysator),  which  was  kindly  put  at  my 
disposal  by  Professor  Lombard.  A  number  of  tracings  were  taken  in 
each  case,  and  the  iiTcgularities  were  all  carefully  measured  and 
compared,  and  an  average  taken  of  the  extent  to  which  they  fell  short 
of  a  double  interval.  Only  in  this  way  can  any  reliable  results  be 
attained,  as  not  infrequently  one  individual  intermission  may  appear 
to  be  of  auricular  origin,  while  when  it  is  compared  with  the  othei’s  of 


*  Drutsches  Arch.  f.  kiln.  Mc<l.,  1892,  xlix,  p.  348. 
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the  series  it  is  seen  to  be  so  necirlj  equal  to  two  pulse-iutervals  that  it 
falls  into  the  group  of  ventricular  intermissions. 

In  Table  II  (pp.  344-5),  I  have  arranged  a  series  of  intermissions  or 
irregularities  (premature  pulsations),  which  approach  the  type  found 
to  be  due  to  ventricular  stimulation  in  the  dbg;  and  in  Table  III 
(])p.  34()-7)  intermissions  approximating  those  from  stimulation  of  the 
dog’s  auricle.  The  columns  correspond  to  those  of  Table  I  (p.  343) 
except  that  the  second  column  is  omitted. 

In  Table  II,  the  average  deviation  from  a  double  pulse-interval 
varies  from  zero  up  to  jV  of  a  pulse-iuterval.  In  regard  to  Case  "W,  I 
had  some  doubt  whether  it  should  be  placed  in  Table  II  or  in  Table 
HI,  and  the  number  of  tracings  at  my  disposal  was  not  sufficient  to 
permit  a  certain  interpretation.  In  Table  III,  the  average  intermis¬ 
sion  was  4-1  of  a  })ulse-interval  shorter  than  two  pidse-intervals. 

When  Tables  II  and  111  are  conq)arcd  with  Table  I,  there  is  noted  a 
very  striking  resemblance  between  the  intermissions  due  to  ventricular 
stimulation  and  Table  II,  and  between  those  due  to  auricular  stimula¬ 
tion  and  Table  III.  This  resemblance  at  once  suggests  that  the  dis¬ 
order  ill  the  hearts  from  which  Table  II  was  derived  was  ventricular, 
while  the  cases  from  which  the  tracings  analysed  in  Table  III  were 
obtained,  suffered  from  disease  of  the  auricle.  It  may  be  added  that 
the  line  of  demarcation  between  the  two  sets  of  tracings  is  very 
sharply  drawn.  In  Table  II,  the  fractions  in  column  E  are  all  so 
small  that  they  may  be  regarded  as  lying  within  the  limits  of  error, 
while  those  in  Table  III,  column  E,  are  so  large  that  no  such  explana¬ 
tion  is  possible.  'I'here  were  no  intermediate  cases  except  W  (Table 
II),  and  even  in  this  tracing  the  intennissions  are  very  different  from 
those  of  Table  III.  It  may  be  added  that  these  were  not  selected 
tracings,  but  were  those  obtained  from  14  of  the  first  16  cases  of  irreg¬ 
ularity  which  came  under  my  observation.  In  the  remaining  cases 
the  tracing  was  so  irregular  that  no  definite  pulse-interval  could  be 
recognized,  and  they  have  therefore  been  omitted  from  the  tables. 
Xone  of  the  intervals  in  these  tracings  were  double  the  others  in 
length,  however,  so  that  there  can  be  no  doubt  that  the  irregularity 
was  due  to  auricular  derangement.  In  all  of  these  cases,  then,  a  care- 
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fill  examination  enabled  a  diagnosis  to  be  formed  as  to  wbetber  tbe 
irregularity  was  dne  to  functional  disorder  of  tbe  auricle  or  of  tbe 
ventricle. 

The  further  question  arises  as  to  what  is  the  nature  of  the  inter¬ 
mission  of  the  auricle  or  ventricle  in  these  eases.  The  heart  may  fail 
to  cause  a  pulse-wave,  firstly,  because  the  ventricle  contains  so  little 
blood  when  it  executes  a  iiremature  contraction  that  the  arterial  pres¬ 
sure  is  not  increased  enough  to  move  the  sphygmograph,  or,  secondly, 
because  the  ventricle  entirely  fails  to  contract  or  conti‘acts  too  weakly. 
.-V  very  important  contribution  to  this  subject  has  been  made  by 
AVenckebach*  since  I  began  my  investigations;  in  fact  this  writer  has 
antieijiated  many  of  the  conclusions  at  Avhich  I  had  arrived  inde¬ 
pendently,  f  lie  discusses  almost  exclusively  the  intermissions  which 
are  equal  to  two  pulse-intervals  and  states  that  these  are  invariably  due 
to  pri mature  idioventricular  contractions.  His  grounds  for  this  view 
are  two-fold  in  nature:  in  the  first  place  he  was  able  in  every  case  to 
make  out  by  auscultation  a  double  contraction  sound  in  the  beginning 
of  tlie  intermission,  and  in  the  second  place  a  pulse-tracing  which  at 
one  time  shows  a  complete  intermission  very  often  shows  immediately 
afterwards  an  intmanission  interrupted  by  a  weak  premature  elevation. 
I  have  met  tliis  in  most  of  my  own  cases,  and  there  is  no  question  that 
many,  perhaps  most,  cases  of  ventricular  intermission  are  due  to  this 
premature  contraction  (extrasystole,  AVenekebach)  so  that  they  cor¬ 
respond  in  every  feature  with  those  obtained  in  my  experiments  on 
the  dog,  except  that  in  man  the  ventricular  stimulus  arises  spontane¬ 
ously  ill  the  ventiacle  while  in  my  experiments  it  was  artificial.  In 
a  number  of  instances,  however,  I  have  observed  an  extrasystole  in 
the  dog  without  any  electrical  stimulus  having  been  supplied,  and  in 
these  cases  the  intermission  was  identical  in  every  feature  with  that 
observed  in  the  human  pulse. 

It  may  be  questioned,  howevi'r,  whether  this  is  the  explanation  in 
every  case  of  ventricular  intermission,  as  AVenckebach  holds,  for  in  one 

*  Ztschr.  f.  klin.  Med.,  xxxvi,  p.  181. 

t  Among  otlier  points  he  noted  that  in  many  cases  the  intermission  fell 
short  of  two  pulse-intervals,  and  ascribes  these  to  anricular  disorder,  basing 
this  explanation  on  our  experimental  results  alreatly  referred  to. 
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of  our  patients  the  most  careful  stethoscopic  examination  failed  to 
detect  any  systolic  sound  during  the  intermission.  I  am  inclined  to 
regard  the  intermission  in  this  case  as  duo  to  a  complete  failure  of 
the  ventricle  to  respond  to  the  auricular  impulse,  or  to  the  impulse 
having  been  blocked  in  the  communicating  fibres  between  the  auricle 
and  ventricle. 

As  regards  the  intermissions  which  are  caused  by  auricular  derange¬ 
ment,  the  cause  is  unquestionably  a  premature  auricular  contraction  in 
a  certain  number  of  instances.  This  is  demonstrated  by  the  appear¬ 
ance  of  a  distinct  undulation  in  the  pulse-tracing  in  some  cases 
(Plate  XYI,  Fig.  8),  while  in  others  a  number  of  complete  intermis¬ 
sions  are  interrupted  by  one  which  shows  this  premature  pulsation. 
These  intermissions  are  therefore  analogous  to  those  observed  in  the 
dog  on  stimulation  of  the  auricle,  for  here  also  the  fall  of  the  pulse- 
lever  is  sometimes  unbroken  (complete  intermission),  at  other  times 
interrupted  by  a  slight  undulation.  In  the  clinical  sphygmographic 
tracings  the  premature  systole  of  the  auricle  is  of  course  caused  by 
some  intracardiac  stimulus,  and  I  have  therefore  sought  for  descrip¬ 
tions  of  auricular  disease  in  the  literature  of  the  heart,  but  have  as  yet 
found  only  one  paper,  viz. :  that  by  lladasewsky,*  in  which  the  auricle 
was  subjected  to  careful  post-mortem  examination  with  reference  to 
this  point.  Tie  states  that  of  six  hearts  examined  by  him  four  pre¬ 
sented  more  severe  lesions  in  the  auiicle  than  in  the  ventricle  and  in 
these  cases  thei’e  was  a  histoiy  of  marked  iiTCgularity  of  the  ])ulse;  in 
one  in  which  the  ventricle  alone  was  diseased,  and  in  another  in  which 
both  auricle  and  ventricle  were  less  extensively  degenerated,  no 
marked  iiTegularity  had  been  noted  l)eforo  death.  In  one  of  my  cases 
in  which  the  measurement  of  the  pulse  demonstrated  clearly  that  the 
intermissions  were  of  auricular  origin  (Table  III,  Case  Sh),  the 
autopsy  showed  an  enonnous  dilatation  of  all  the  chambei's;  the 
auricular  walls  were  thin  and  transparent  and  the  muscular  bundles 
formed  a  network  separated  by  wide  meshes  composed  of  the  serous 
membranes  only. 

Those  cases  in  which  the  irregularity  is  due  to  an  extrasystole  aris¬ 
ing  in  the  auricle  are  indicative  of  some  disorder  in  this  chamber, 

*  Ztsvhr.  f.  kiln.  Med.,  1895,  xxvii,  p.  381. 
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which  may  prove  to  be  of  grave  import,  though  my  experience  has 
been  too  limited  to  allow  of  any  certain  statement  as  to  the  value  of 
this  sign  in  prognosis.  But  every  ease  of  intermission  in  which  the 
interval  is  shorter  than  tw'o  complete  pulses  does  not  necessarily  indi¬ 
cate  the  presence  of  auricular  disease.  In  fact  this  probably  holds  for 
only  a  small  proportion  of  the  cases  in  which  it  occurs ;  for  these  lapses 
are  very  often  seen  in  perfectly  healthy  persons,  and  no  line  can  be 
drawn  separating  them  from  the  slight  iiTegularities  of  the  normal 
pulse.  For  example  one  of  my  tracings,  taken  from  a  healthy  woman, 
shows  a  somewhat  irregular  rhythm,  the  pulse-interval  ordinarily 
varying  from  54  to  Cl  hundredths  of  a  second,  but  occasionally  an 
intermission  of  90  to  100  hundredths  of  a  second  appears.  These  inter¬ 
missions  can  be  elicited  with  regularity  by  instructing  the  patient  to 
take  very  deep  inspirations,  and  are  obviously  not  due  to  auricular 
disease  but  to  excessive  activity  of  the  inhibitory  centre.  As  is  well- 
kno^vn,  this  centre  is  peculiarly  sensitive  in  some  individuals,  and  in 
this  case  it  is  capable  of  arresting  the  heart  completely  for  a  short  time. 
The  whole  heart  is  arrested  and  the  intennission  is  therefore  of  the 
auricular  type.  Exactly  the  same  phenomenon  can  be  elicited  in 
animals  by  stimulating  the  pneumogastrie  nerv^e  in  the  neck  for  a 
fraction  of  a  second,  as  may  be  seen  by  comparing  the  sphygmogram 
from  a  healthy  woman  (Plate  XVII,  Fig.  13)  with  that  from  a  dog 
whose  vagus  was  stimulated  electrically  (Plate  XVII,  Fig.  14). 

This  inhibitory  intermission  is  liable  to  l)e  conri;sed  with  the  true 
auricular  intermission,  and  in  fact  I  am  inclined  to  regard  the  in-egu- 
larity  in  the  first  case  in  Table  III  as  due,  at  any  rate  in  some  part,  to 
inhibition.  There  ai’o  certain  distinguishing  features,  however;  in 
the  first  place  the  intermission  is  often  followed  by  a  second  long 
inters’al,  because  the  inhibition  seldom  lasts  over  only  one  beat;  in  the 
second  place,  the  intermission  is  often,  but  not  always,  too  short  to 
arise  from  auricular  irregularity.  Thus  the  shortest  intermission 
which  I  have  obseiwed  in  the  dog’s  heart  from  stimulation  lasted  1§ 
pulse-interval,  but  the  inhibitory  intermission  may  be  only  1^  pulse- 
interval.  In  case  of  doubt  the  question  could  be  determined  by  the 
pulse  being  rendered  regular  when  the  inhibitory  terminations  are 

i 
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paralyzed  by  atropine,  for  this  drug  is  without  eifect  on  the  trne 
anricnlar  intermissions.  Dehio*  lias  observed  arythmia  disappear 
nnder  this  treatment  in  a  nnmber  of  instances. 

The  ocenrrenee  of  this  false  anricnlar  intermission  sngg'ested  the 
question  whether  in  some  cases  ventricnlar  intermissions  might  not 
be  dno  to  inhibition,  for  it  is  well  known  to  physiologists  that  stimula¬ 
tion  of  the  pnenmogastric  nerve  retards  the  passage  of  impnlses  from 
the  auricle  to  the  ventricle,  and  renders  the  latter  less  susceptible  to 
stimnlation.  It  is  thus  conceivable  that  some  of  the  ventricnlar  inter¬ 
missions  might  be  due  to  tbe  impulse  from  the  anilcle  finding  the 
passage  to  the  ventricle  blocked  or  the  ventricle  incapalde  of  respond¬ 
ing  to  it  owing  to  powerful  inhibition;  but  there  seems  to  be  no  reason 
to  siqipose  that  this  occurs,  for  the  rhythm  of  the  heart  would  be 
reduced  to  20-30  per  minute  or  less  by  inhibition  powerful  enough  to 
block  the  communicating  fibres  or  to  prevent  the  ventricle  entirely 
from  responding  to  a  stimulus.  It  is  very  probable  that  in  many 
instances  intermissions  of  different  kinds  may  occur  in  the  same  pulse¬ 
tracing.  For  example,  both  vcuitricle  and  auricle  may  contract  pre¬ 
maturely  at  intervals,  or  an  intermission  due  to  a  premature  systole  of 
the  ventricle  may  alternate  with  one  due  to  inhibition.  I  have  not 
been  able  to  identify  such  a  mixed  tracing  with  certainty  among  those 
hitherto  examined,  but  in  one  or  two  of  them  in  which  the  irregu¬ 
larities  were  maiidy  of  the  auricular  type  an  occasional  intermission 
approached  so  nearly  to  the  double  pulse-inteiwal,  that  it  aroused  the 
suspicion  that  the  ventricle  also  was  involved. 

I  have  stated  that  an  excessively  irregular  pulse  indicates  auricular 
rather  than  ventricular  derangement,  but  this  requires  some  qualifica¬ 
tions.  For  exanqde.  Fig.  10  (Plate  XVII)  was  obtained  from  a  patient 
in  whom  ventricular  intermissions  occurred  frequently,  but  who  never 
presented  any  signs  of  auricidar  disorder.  Yet  the  pulse-intervals  in 
Fig.  10  are  48,  47,  48,  48,  49,  47,  41,  95,  50,  34,  GO,  47,  47,  48,  which 
would  seem  at  first  sight  to  indicate  disorder  of  the  rhythmic  area 
rather  than  of  the  ventricle.  The  explanation  appears  to  be  that 
Several  ventricular  ])r(,‘mature  systoles  occurred  in  succession,  that  a,  b 
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(a  rudimeiitaiy  beat),  c  were  all  due  to  idioventricular  contractions, 
while  d  was  due  to  an  auricular  inipidse  and  e  was  again  idioventric¬ 
ular.  Tlius  the  intervals  are  11  -f-  95  -|-  50  =  186  =  4  X  47  —  2; 
i.  e.,  while  the  ventricle  was  heating  a,  h,  and  c,  the  auricle  was  con- 
ti'acting  regularly  three  times  hut  in  a  slightly  diiferent  rhythm.  The 
fourth  auricular  contraction  was  propagated  to  the  venti-icle.  A  pre¬ 
mature  idioventricular  pulsation  followed  this  and  the  sixth  auricular 
heat  again  reached  the  ventricle  and  induced  /.  That  the  auricular 
rhythm  was  regular  is  shown  hy  the  sixth  ventricular  contraction 
occuiring  at  the  exact  point  at  which  it  would  have  fallen  had  there 
been  no  irregularity  at  all  {i.  e.  41  -j-  95  -)-  50  +  34  +  60  =  280  = 

6  X  47  —  2)  for  the  slight  difference  of  tItf  of  a  second  can  he  neg¬ 
lected.  In  several  other  instances  a  similar  apparent  irregularity  can 
be  reduced  'to  several  idioventricular  heats  following  each  other,  as 
has  been  demonstrated  hy  AVenckehach.  These  repeated  premature  sys¬ 
toles  certainly  present  difficulties  in  analysis,  hut  in  cases  in  which 
the  tracings  indicate  uniformly  ventricular  intermissions,  it  is  of  inter¬ 
est  to  attempt  their  solution  as  instances  of  ventricular  derangement 
only.  If  the  other  sphygmograms  in  this  case  had  not  invariably  indi¬ 
cated  a  perfectly  regular  auricular  rh3’thm,  I  should  have  hesitated  to 
interpret  this  particular  iiTCgularity  as  ventricular. 

This  repetition  of  the  ventricular  extrasystole  suggests  the  cpiestion 
as  to  whether  in  some  cases  the  pulse-rhythm  may  not  he  entirely 
ventricular,  the  auricles  heating  at  a  diiferent  rate  or  perhaps  being 
quiescent.  It  is  generally  recognized  that  the  mammalian  ventricle 
is  capable  of  canwing  on  the  circulation  alone,  and  it  is  quite  possible 
this  may  occur  in  disease.  In  this  case  the  rhythm  may  he  iiTegular 
also,  and  the  intermissions  are  not  necessarily  eqi;al  to  double  pulse- 
intervals  although  the  ventricle  alone  is  involved,  as  I  showed  with 
^Matthews  in  our  earlier  article.  This  purely  ventricular  rhythm  pre¬ 
supposes  such  grave  disorder  of  the  whole  heart,  however,  that  it  can 
scarcely  he  regarded  as  of  frequent  occurrence,  and  though  it  would 
he  impossible  to  diagnose  it  hy  the  sphyginogram  from  the  auricular 
irregularity,  it  need  not  he  regarded  as  an  alternative  diagnosis  in 
cases  of  short  intermissions,  until  further  evidence  of  its  existence  in 
man  is  adduced. 
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In  many  instances  tlie  extrasystoles  or  the  intermissions  appear 
regularly  in  the  tracing,  whether  these  be  of  ventricular  or  of  auricular 
origin.  For  example,  Fig.  11  (Plate  XYII)  is  a  tracing  in  which 
every  second  contraction  for  some  time  is  an  idioventricular  extra¬ 
systole;  in  Fig.  12  (Plate  XVII)  every  third  is  an  extrasystole  of  the 
ventricle;  in  Fig.  3  (Plate  XVI)  every  fourth  is  a  ventricular  extra¬ 
systole,  while  in  Fig.  9  (Plate  XVII)  every  fourth  is  an  auricular 
extrasystole.  This  rhythmical  iiTcgidarity  is  difficult  to  explain,  for 
it  is  generally  believed  that  the  irritability  of  the  heart  is  exhausted 
at  every  systole,  so  that  there  cannot  be  a  summation  of  residual  en¬ 
ergy  until  sufficient  is  accumulated  to  give  rise  to  an  extrasystole.  A 
faihire  of  the  ventricle  to  contract  at  intervals  is  much  more  readily 
intelligible,  for  it  is  easily  conceivable  that  the  contractile  or  con¬ 
ducting  substance  is  exhausted  entirely  after  every  2nd  or  3rd  beat, 
and  until  it  is  restored  no  contraction  can  occur.  In  many  instances, 
hoAvever  (e.  g.  Fig.  11,  Plate  XVII),  the  irregiilarity  is  obviously  due 
to  an  extrasystole  and  not  to  a  failure  to  contract.  It  may  be  added 
that  the  same  phenomenon  is  frequently  seen  in  animals  poisoned 
with  digitalis  or  its  allies  or  with  barium  salts,  that  is,  with  bodies 
which  increase  the  irritability  of  the  heart.  The  periodic  appearance 
of  the  extrasystole  may  therefore  be  due  to  some  alteration  in  the 
heart  through  which  the  irritability  is  not  entirely  annulled  by  the 
contraction,  and  the  residue  is  summed  up  imtil  it  gives  rise  to  a 
premature  systole. 

A  few  words  may  be  added  in  regard  to  the  extreme  iiTcgailarity  of 
the  heart  knovm  clinically  as  delirium  cordis.  It  is  unnecessary  to 
explain  that  in  physiology  this  term  is  used  to  indicate  fibrillary  con¬ 
tractions  of  the  heart,  which  arrest  the  circulation  and  prove  immedi¬ 
ately  fatal.  The  clinical  sphygmogram  in  these  cases  resembles 
exactly  that  obtained  from  dogs  when  the  auricle  is  undergoing 
fibrillary  contractions,  which  may  be  continued  for  a  long  time  without 
proving  fatal.  I  do  not  wish  to  assert  that  the  clinical  delirium  cordis 
is  identical  with  the  physiological  delirium  auriculae,  but  the  resem¬ 
blance  is  certainly  striking.  The  fibrillary  contraction  of  the  auricle 
may  be  induced  by  stimulating  it  by  means  of  rapid  induction  shocks. 
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and  possibly  by  other  fonns  of  stimulation.  In  some  cases  I  have 
observed  it  in  the  dog  before  the  heart  was  injured  in  any  way,  and 
in  some  of  these  cases  it  could  be  aiTcsted  and  the  pulse  rendered 
perfectly  regular  by  division  of  the  vagi  or  by  paralyzing  their 
terminations  by  means  of  atropine.  This  connection  between  the 
inhibitory  mechanism  and  fibrillary  contractions  was  scarcely  to  be 
anticipated  from  what  is  known  at  present  regarding  inhibition,  but  is 
confinned  by  the  obser\'^ation  made  by  Matthews  and  by  Cash  that 
atropine  prevents  the  irreg’ularity  and  final  delirium  of  the  heart 
from  aconitine.  It  would  be  of  interest  to  ascertain  the  effect  of 
atropine  on  clinical  delirium  cordis. 

In  conclusion,  I  have  much  pleasure  in  acknowledging  my  indebted¬ 
ness  to  my  colleague  Dr.  Dock  for  his  kindness  in  putting  his  tracings 
at  my  disposal,  and  to  Drs.  Ameill  and  Boyce  for  the  help  they  have 
afforded  me  in  various  ways,  particularly  in  collecting  tracings  which 
bore  on  the  subject  of  investigation. 

DESCRIPTION  OF  PLATES  XVI  AND  XVII. 

Figs.  1-2  are  inserted  in  the  text  and  there  explained  (pp.  329,  330). 

Plate  XVI. 

Figs.  3-13.  Sphygmograms  from  human  tracings.  The  pulse-intervals 
and  intermissions  are  measured  below  in  hundredths  of  a  second. 

Fig.  3.  Every  fourth  imlse-beat  is  missed,  and  the  intermission  is  prac¬ 
tically  exactly  twice  the  normal  interval,  i.  e.  the  ventricle  alone  is  involved 
in  ihe  irregularity. 

Figs.  4  and  5.  Single  intermissions  each  eqtial  to  two  intervals. 

Fig.  6.  Single  intermission  shorter  than  two  intervals  (2  X  ^5  =  190)  and 
therefore  of  auricular  origin. 

Fig.  7.  Three  intermissions  each  shorter  than  two  intervals.  In  the 
first  (lasting  |^J)  and  third  (lasting  seconds)  there  is  evidence  of  a  pre¬ 
mature  contraction  early  in  the  intermission,  but  this  is  absent  in  the 
second. 

Fig.  8.  The  pulse  is  fairlj'  regular  at  first,  biit,  later,  intermissions  follow 
each  other,  each  being  shorter  than  two  full  intervals.  In  the  first  of  these 
there  is  a  distinct  premature  contraction,  sec.  after  the  last  normal  beat. 

Plate  XVII. 

Fig.  9.  Every  fourth  beat  is  missed,  and  each  intermission  is  shorter  than 
two  full  intervals;  i.  e.  the  irregularity  is  auricular  in  origin.  Contrast 
Fig.  3. 

Fig.  10.  Irregularity  in  ventricular  disease  (see  text,  pp.  338,  339). 
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Fig.  11.  Ventricular  jiremature  systole  occurring  alternately  with  that 
derived  from  the  auricle.  This  form  of  irregularity  lasted  for  several 
minutes  and  then  gave  place  to  a  regular  pulse  having  an  average  interval  of 
64-67  hundredths  of  a  second. 

Fig.  12.  Every  third  beat  is  missed,  and  the  intermission  is  so  nearly 
equal  to  two  intervals  that  it  may  be  regarded  as  due  to  ventricular  dis¬ 
order  only. 

Fig.  13.  An  intermission  caused  by  excessive  activity  of  the  inhibitory 
apparatus  and  not  to  true  cardiae  disease.  It  simulates  auricular  inter¬ 
mission. 

Fig.  14.  An  intermission  caused  in  the  dog’s  pulse  by  stimulation  of  the 
vagus  nerve  for  sec.  Compare  Fig.  13. 
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TABLE  I. 


Duration  of  Intermissions  in  the  Dosj’s  Pulse  under  Stimulation  of  the  Ventricle 
and  Auricle  (see  page  332). 


A. 

B. 

C. 

D. 

E. 

Average  of 

Normal  Pulse- 
interval. 

Chamber 

Stimulated. 

Intermission. 

(2A-C). 

(?) 

E. 

Expt.  1.  54 

Ventricle. 

lOT 

1 

^4  I 

0 

55 

“ 

110 

0 

i 

54 

“ 

108 

0 

0  J 

54 

Auricle. 

08 

10 

10 

54 

53 

“ 

02 

14 

14 

5:1 

52 

“ 

100 

4 

4 

52 

54 

“ 

100 

8 

8 

54 

53 

“ 

08 

8 

1 

53 

0\13  5) 

55 

“ 

88 

22 

22 

55  ‘ 

55 

03 

17 

17  1 

5.5  ' 

54 

“ 

08 

10 

10 

54 

“ 

01 

17 

17 

54  J 

Expt.  2.  40 

Ventricle. 

70 

1 

1  ■ 

40 

^0 

30 

“ 

78 

0 

0 

40 

“ 

80 

0 

0  J 

1 

30 

Auricle. 

62 

16 

16  j 

30 

38 

“ 

04 

12 

12 

38 

“ 

[27  +  42J60 

0 

0 

30 

38 

“ 

62 

14 

14 

38 

Hi-I) 

38 

65 

11 

11 

38 

67 

0 

0 

38 

38 

“ 

62 

14 

14 

38 
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TABLE  II. 

Intermissions  which  approximated  the  t3’pe  observed  in  the  Dog  on  Stimulation  of 
the  Ventricle  (see  page  834). 


Case.  A. 

C. 

D. 

E. 

Remauks. 

1 

Admitted  for  cataract.  Pulse 

L.  57J 

116 

+  1 

4 - 

57J 

often  perfectly  regular ;  at 
other  times  every  fourth  beat 

58 

114 

2 

2 

was  missed,  as  in  Plate  XVI, 

'm 

Fig.  3. 

59 

117 

1 

1 

56J 

112 

1 

1 

50^ 

55J 

no 

+  5 

5 

+ - 

55J 

55 

105 

5 

5 

55 

5(5 

113 

1 

1 

50 

57J 

115 

0 

0 

1 

Approximate  Average. . . 

— 

100 

M.  55 

111 

+  1 

1 

+  - 

Pernicious  ana?mia  and  mitral 

55 

regurgitation.  Dilatation  of 

heart,  with  heaving  impulse 

51^ 

99 

4 

4 

and  thrill  with  each  systole, 
and  a  loud,  blowing  murmur 

1 

(systolic)  over  entire  cardiac 

54 

107 

1 

54 

area,  loudest  over  apex.  Pulse 
is  small,  quick,  irregular  in 

54 

112 

+  4 

4 

H - - 

54 

1 

volume  and  rhythm,  with  oc- 
casroual  intermissions.  (Plate 
XVI,  Fig.  4.) 

55 

109 

1 

Post-Mortem  examination  :  Nu¬ 

55 

merous  small  hiemorrhages 

4 

under  the  pericardium.  Greatly 

53J 

111 

+  4 

dilated  right  auricle,  the  left 

53i 

auricle  and  the  ventricles  being 

2 

2 

of  normal  size.  Mitral  orifice 

50 

no 

m 

narrowed  and  posterior  flap 

Approximate  Average. . 

r 

•  •  +;7 

1 

350 

much  shortened. 
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TABLE  II. — Continued. 


Case. 

A. 

C. 

D. 

E. 

Remakes. 

H. 

63J 

126 

+  1 

+  ^ 

63i 

Admitted  for  recurrent  appen¬ 
dicitis.  Pulse  regular  except 

Q 

for  occasional  intermissions. 

133 

+  3 

O 

61 

120 

3 

3 

61 

60i 

131 

0 

0 

1 

1 

Approximate  Average. . . 

3 

Me. 

47 

05 

+  1 

1 

Admitted  for  cancer  of  the 

47 

breast.  Pulse  is  usually  fairly 

1 

regular,  but  occasionally  misses 

46 

91 

1 

46 

a  beat.  Age  56. 

89 

0 

0 

Average 

. .  0 

0 

W.  . 

64J 

138 

1 

1 

Age  33.  Admitted  for  hernia. 

64 

Heart  ordinarily  regular,  but 

often  misses  every  third  beat 

05 

136 

4 

4 

for  several  minutes  at  a  time. 

05 

(Plate  XVII,  Fig.  12.) 

64  J 

124 

5 

5 

Oo 

136 

4 

4 

05 

60 

130 

0 

0 

Approximate  Average. . 

..  3 

1 

30 

Mg. 

77 

1.54 

0 

0 

Age  59.  Admitted  for  retention 

of  urine.  Occasionally  the 

76J 

153 

1 

pulse  misses  a  beat,  but  it  is 

76 

generally  quite  regular. 

80 

1.57 

3 

3 

80 

Approximate  Average. . 

. .  1 

i~ 

60 

B. 

.59 

(46  +  73)119 

+  1 

1 

.Medical  student,  complains  of 

heart  missing  every  second 

1 

beat  for  several  minutes,  and 

.58 

(45+70)115 

1 

then  becoming  regular.  (Plate 

XVII,  Fig.  11.) 

60 

(46  +  74)120 

0 

•  0 

Approximate  Average. . 

.  .  0 

0 
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TABLE  III. 

Intermissions  which  approximated  those  observed  in  the  Dog  on  Stimuiation  of 
the  Auricle  (see  page  334). 


Case.  A. 

C. 

D. 

E. 

Remarks. 

N.  68 

(46  +  73)119 

17 

1 

4 

Age  78  Atheroma.  Heart  often 
regular  for  days  at  a  time  and 

then  occasional  intermissions. 

73 

123 

23 

23 

73 

74 

112 

36 

36 

74 

69 

no 

28 

28 

69 

Approximate  Average. . , 

.  .  26 

3 

8 

Q.  93 

163 

23 

23 

93 

Surgical  out-patient.  No  history 

obtainable. 

97 

170 

24 

24 

it' 

Approximate  Average. . . 

.  24 

1 

4 

31 

G.  77 

123 

31 

Surgical  out-patient.  No  his¬ 

tory. 

129 

19 

74 

19 

74 

16 

70 

(46  +  78)124 

16 

70 

71 

118 

24 

24. 

71 

Approximate  Average. . 

..  22^ 

1 

3 

4 

St.  Cl.  110 

179 

41 

11 

Atheroma  (age  66).  Dulness 

100 

167 

extends  to  parasternal  line. 
Sounds  weak.  No  adventi¬ 

1 

33 

3 

tious  sounds.  Radial  arteries 

tortuous  and  hard.  Pulse 

98 

1.58 

38 

3 

60,  irregular  in  volume  and 

8 

rhythm.  Occasionally  a  beat 

1 

is  missed.  (Plate  XVI,  Fig.  6.) 

Ai)proximate  Averaire. . 

. .  37 

17 

Arthur  E.  Cuslinv 
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TABLE  III. — Continued. 


A. 

C. 

D. 

E. 

Remarks. 

65 

122 

8 

1 

Blacksmith.  Dilation  and  hyper¬ 

8 

trophy  of  the  heart,  double 

aortic  lesions,  mitral  regurgi¬ 

72 

134 

10 

1 

tation  and  tricuspid  regurgi¬ 

7 

tation.  General  anasarca. 

Pulse  often  misses  a  beat. 

69 

115 

23 

1 

Post-Mortem  examination:  Great 

3 

distension  of  all  the  chambers, 
and  distinct  separation  of  the 

15 

muscle  fibres  in  the  auricle. 

71 

127 

15 

71 

18 

6(> 

114 

18 

— 

60 

Approximate  Average. . . 

.  15 

2 

9 

69 

118 

20 

o 

Age  77.  Surgical  case.  Pulse 

7 

10 

often  misses  a  beat,  and  in  the 
intermission  a  premature  pul¬ 

58 

100 

16 

sation  is  sometimes  present 

58 

(Piate  XVI,  Fig.  8).  Some¬ 

times  the  intermission  occurs 

57 

100 

14 

14 

alone  in  a  series  of  regular 

57 

beats.  In  other  tracings  a 
number  of  consecutive  inter¬ 

65 

110 

20 

20 

missions  occur. 

05 

Oo 

104 

22 

1 

3 

02 

105 

19 

19 

02 

01 

110(40  +  70) 

18 

1 

4 

69 

114 

24 

1 

3 

Approximate  Average. . 

•  •  19 

5 

10 

81 

147 

15 

15 

Acute  rheumatism.  Diiatation 

GC 

145 

81 

IS 

of  the  heart  towards  left. 
First  sound  is  short  and  accom¬ 

18 

panied  by  a  soft  blowing  mur¬ 
mur.  Over  the  pulmonary  area 
is  heard  a  soft  blowing  mur¬ 

10 

83 

148 

10 

mur  with  the  first  sound. 

83 

19 

Radial  pulse  moderately 

strong,  7.5,  quick,  at  times 

83 

147 

19 

every  third  beat  is  dropped 
(Plate  XVII,  Fig  9),  and  tlien 
again  the  heart  becomes  more 

83 

81 

149 

13 

13 

regular  or  the  intermissions 

83 

appear  at  longer  intervals. 
Heart  improved  under  salicylic 

—  .. 

Approximate  Average ...  1  treatment. 
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ox  THE  DIPLOCOCCOID  FOEM  OF  THE  COLOX 
BACILLUS.* 

J3y  J.  GEORGE  ADA:MI,  M.  A.,  M.  D.,  F.  R.  S.  E.;  MAUDE  E.  ABBOTT,  B.  A., 
M.  D.;  AND  F.  J.  AlCHOLSON,  B.  A.,  M.  D. 

{From  the  Putholoyicul  Laboratory  of  the  Royal  Victoria  Hospital,  Montreal.) 

Plates  XVIII-XX. 

In  the  course  of  a  careful  study  of  a  long  series  of  livers,  both  cir¬ 
rhotic  and  otherwise,  we  have  in  the  specimens  examined,  with  scarce 
an  exception,  encountered  larger  or  smaller  nunibei*s  of  minute  bodies, 
and  the  more  we  have  studied  them  the  more  assured  we  have  become 
that  these  are  bacterial  in  nature.  Under  the  ordinary'’  l/12th  im¬ 
mersion  lens  and  by  the  i;sual  methods  of  staining  these  may  easily  be 
overlooked  and,  if  recognized,  they  may  easily  be  mistaken  for  minute 
pigment  granides  present  in  the  liver  cells.  But  by  more  intensive 
staining  and  by  employing  a  good  1/1 8th  immersion  lens,  their  na¬ 
ture  becomes  more  evident. 

The  methods  we  have  employed  with  the  greatest  amount  of  suc¬ 
cess  have  been  by  staining  with  carbol-fuchsin  (one-half  the  ordinary 
strength)  and  subsequent  bleaching  in  the  sunlight  in  our  earlier  ob¬ 
servations;  and,  of  late,  almost  exclusively  carbol-thionin,  made  accord¬ 
ing  to  the  fornnda  recommended  by  ^Nluir  and  Eitehie,f  the  sections 
being  cleared  by  aniline  oil.  Stained  by  either  of  these  metho<ls  the 
granules  resolve  themselves  in  the  main  into  fine  diplococci  surrounded 
often  by  a  fine  halo  as  to  the  nature  of  which  we  shall  speak  later. 
'When  these  diplococci  are  present  in  any  numlx'i’s  there  may  also  be 
isolated  minute  spherical  and  ovoid  bodies  of  the  same  dimensions  and 
there  may  also  be  seen  occasional  strings  of  three  or  four  coccus-like 
bodies. 

*  Read  at  the  meeting’  of  the  Assoeiation  of  Ameriean  Physicians,  Wash¬ 
ington,  ^fay,  189!). 

t  !Mnir  and  Ritchie,  ^lannal  of  Bacteriology,  Edinburgh  and  London,  1899, 
]).  109. 
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We  have  recognized  these  in  the  livers  of  man,  the  cow,  sheep,  rab¬ 
bit,  and  guinea-pig.  At  first,  working  with  the  cirrhotic  livers  of 
cattle  and  of  man,  one  of  us  was  inclined  to  regard  these  as  peculiar  to 
cirrhosis,  but,  as  already  announced  (1),  fuller  study  having  shown 
their  existence  in  the  apparently  normal  liver,  they  cannot  be  regarded 
as  specific  of  any  one  disease,  although  it  is  possible  that  they  are  one 
factor  in  the  production  of  certain  forms  of  fibrosis.  Under  these 
conditions  they  tend  to  take  on  a  relatively  deep  stain,  but  in  the  ma¬ 
jority  of  cases  they  stain  badly,  have  a  characteristic  brownish  tinge 
and  would  seem  to  be  dead. 

From  several  cases  of  cirrhosis  in  which  these  were  recognizable, 
cultures  gave  either  vigorous,  or  what  we  must  now  regard  as  attenu¬ 
ated,  growths  of  a  colon  bacillus,  while  after  intravenous  inoculation 
of  adult  rabbits  with  48-hoiir  broth  growths  of  our  stock  culture  of 
the  colon  bacillus,  which  is  in  every  respect  typical,  the  liver  cells 
showed  these  minute  diplococcnis  forms  in  enormous  numbex’S. 

We  were  therefoi’e  led  to  conchxde  that,  while  it  might  be  that  other 
bacillaiy  fonus  may  also  show  a  diplococcus-like  appearance  in  the  tis¬ 
sues,  we  had  adequate  evidence  that  the  colon  bacillus  can  show  this 
appearance,  and  during  the  last  few  months  we  have  conducted  a  long 
series  of  obseiwations  bearing  more  especially  upon  this  diplococcus- 
like  modification  of  the  Ixacillus.  Our  work  is  divisible  into  two  por¬ 
tions  : 

I.  On  the  produc  ion  of  a  diplococcoid  form  of  the  colon  bacillus 
outside  the  organism. 

II.  On  the  diplococcoid  form  of  the  bacillus  within  the  tissues. 

The  former  portion  has  been  undertaken  in  part  by  Dr.  Xicholson, 

the  latter  poi-tion  and  the  studies  upon  growths  in  body  fluids  by  Dr. 
Maude  E.  Abbott.* 

*  But  for  the  fact  that,  by  my  previous  publication  on  tlie  subject,  I  have 
made  myself  ])eculiar]y  responsible  for  these  observations  Tijion  the  colon 
bacillus,  1  would  very  ‘>ladly  have  left  my  own  name  oft’  the  title  pas'e:  for, 
in  consequence  of  ])rolonprf“d  absence  from  my  laboratories,  the  observa¬ 
tions  have  been  throughout  conducted  by  Dr.  Abbott  and  !Mr.,  now  Dr., 
Aiehol.son,  and  I  cannot  sutheiently  acknowledge  the  enthusiasm  which 
they  have  thrown  into  the  work.  J.  G.  A. 
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PAET  L 

ON  THE  PRODUCTION  OUTSIDE  THE  BODY  OF  A  DIPLOCOCCOID  FORM  OF  THE 
COLON  BACILLUS. 

"Wliile  under  ordinary  conditions  of  growth  outside  the  body  and 
ordinary  staining,  by  Loffler’s  blue  for  example,  the  colon  bacillus  is 
an  undoubted  bacillus  with  no  recognizable  internal  organization,  it 
has  been  a  matter  of  frequent  observation  that  it  might  present  dis¬ 
tinct  polar  staining,  and  indeed,  when  stained  by  fuchsin  or  other 
strong  reagent  for  purposes  of  photography  this  so-called  polar  stain¬ 
ing  is  very  conspicuous.  AVe  need  but  refer  to  the  various  published 
photographs  to  confirm  this  statement.  In  these  photogi-aphic  repro¬ 
ductions  of  film  preparations  from  culturc*s,  the  majority  of  the  bacilli 
are  seen  to  be  present  as  two  rounded  coccus-like  bodies  lying  in  close 
apposition,  a  common  enclosing  or  joining  sheath  being  more  or  less 
clearly  evident. 

The  appearance  here  observed  is  that  which  is  generally  spoken  of 
as  ‘‘  polar  staining.”  It  is  common  to  a  large  number  of  bacteria  and, 
in  not  a  few  cases,  as  for  exanq)le  among  the  bacteria  of  luemorrhagic 
septicaemia,  has  led  in  the  past  to  not  a  little  confusion  in  descriptions, 
authorities  having  been  divided  as  to  whether  to  class  bacteria  exhibit¬ 
ing  the  property  in  a  marked  degree  as  bacilli  or  diplococci.  In  cer¬ 
tain  cases,  as  in  connection  with  the  typhoid  bacillus,  it  has  been  attrib¬ 
uted  to  a  retraction  of  the  protoplasm  to  the  i)oles  during  the  process 
of  pre])aration  and  staining  of  the  film  of  bacteria — and  thus  has  been 
regarded  as  an  artifact. 

AVe  shall  not  here  enter  into  the  discussion  concerning  polar  and 
mctachromatic  granules,  but  simply  state  that  our  observations,  so  far 
as  they  go,  would  seem  to  negative  this  latter  supposition  and  to  ren¬ 
der  it  evident  that  in  the  case  of  the  colon  bacillus  at  least,  there  is  a 
structural  condition  or  internal  organization  of  the  microbe  underly¬ 
ing  and  explaining  such  polar  staini)ig.  AATiat  is  more,  they  show  us 
that  the  appearances  seen  in  the  colon  bacillus  arc  closely  allied  to  the 
“  beading  ”  to  be  made  out  in  the  tubercle  bacillus  under  certain  con¬ 
ditions  of  growth  and  environment. 
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As  already  pointed  out  by  A.  Schmidt  (2),  Rodet  (3)  and  others, 
the  colon  bacillns  varies  according  to  the  length  of  time  it  is  kept  out¬ 
side  the  body,  according  to  the  mode  in  which  it  is  grown,  the  reaction 
of  the  medium,  the  temperature,  and  the  part  from  which  it  has  been 
isolated.  Rodet  has  found  that  when  it  is  taken  from  the  healthy  in¬ 
testines  the  individuals  during  the  earlier  generations  outside  the  body 
are  singularly  even  in  length  and  thickness  and  stain  well  throughout; 
when  taken  from  diseased  tissues — from  the  intlamed  gall  bladder,  for 
example — this  is  no  longer  the  case ;  they  are  irreg-ular  both  in  length 
and  thickness,  they  stain  iri’egularly  and  show  clear  spaces  and  deeper 
staining  portions. 

Rodet  points  out  that  a  temperature  of  44-45°  C.  leads  during  the 
first  few  hours  to  the  appearance  of  very  long  filaments,  though  other 
individual  fonns  are  of  the  normal  length.  All  these  filaments  show 
refractive  bodies  which  take  up  intensely  the  basic  aniline  color.  After 
24  hours  these  long  filaments  disappear.  In  addition,  according  to 
this  author,  growth  upon  broth  containing  2.5  per  cent  lactose  leads 
to  the  production  of  peculiar  short  and  small  forms  almost  like  cocci, 
the  majority  of  which  are  double  and  in  the  form  of  diplococci. 

These  observations  of  Rodet  have  just  come  into  onr  hands  and  we 
can  in  the  main  confinn  them;  indeed,  in  ignorance  of  this  work  pub¬ 
lished  two  years  ago,  we  have  been  working  A'ery  much  along  the 
same  lines  as  those  indicated  by  Ro<let;  who,  however,  it  may  l)e  added, 
has  noted  these  appearances  without  studying  more  fidly  their  nature. 

TVe  find  that  the  long  filaments  mentioned  by  Rodet  arc  to  be  ob¬ 
served  in  cultures  kept  for  a  few  hoiirs  at  a  high  tem]X'rature.  It 
must  not,  however,  be  thouglit  Tliat  they  are  exclusively  confined  to 
this  period.  Similar  long  filaments  showing  even  more  clearly  the 
presence  of  deeper  staining  liodies  within  them,  are  to  be  gained  from 
old  cultures  associated  with  involution  forms.  Thus  in  a  specimen 
of  our  stock  colon  bacillus  grown  for  a  fortnight  in  broth  containing 
a  trace  of  Idle,  we  found  groat  numbers  of  these  long  bodies  and, 
associated  with  them,  large  numbers  of  a  small  diplococcus  form.  Per¬ 
haps  the  most  interesting  of  these  long  filaments  were  obseiwed  in  an 
agar  plate  culture  obtained  from  the  spleen  in  a  case  of  cirrhosis  which 
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bad  been  subjected  for  a  few  honrs  to  a  temperature  of  about  45° 
or  46°;  removed  from  the  incnbator,  this  bad  grown  under  difficul¬ 
ties  (brought  about  by  the  partial  drying-up  of  the  medium)  for  four 
days  at  the  ordinary  temperat\ire.  In  this  the  disposition  of  the 
deeper  staining  points  was  remarkable  (vide  Fig.  8,  Plate  XVIII). 
Seen  under  the  1/1 8th  immersion  lens,  after  staining  by  carbolic 
fuchsin  and  decolorizing  by  weak  acetic  acid,  these  fine  deeper  stain¬ 
ing  points  were  arranged  in  a  succession  of  pairs  with  occasional  larger 
single  ovoid  bodies  interposed.  AVe  have  come  across  one  other  speci¬ 
men  of  a  rather  prolonged  growth  in  which  the  same  appearance  was 
recognizable  though  not  quite  so  cleaidy.  Possibly  the  exact  extent 
of  the  staining  and  subsequent  decolorization  may  have  something  to 
do  with  the  difficulty  in  recognizing  this  particular  arrangement  of 
the  contained  bodies. 

We  have  also  found  that  taking  saliva,  filtering  and  sterilizing  it, 
and  making  cultures  in  this  medium  at  the  ordinary  temperature,  we 
obtain  the  prodiiction  of  these  long  filaments,  which  may  be  present 
in  the  gTOwth  not  oidy  during  the  first  24  hours  biit  diiring  the  con¬ 
tinuance  of  the  eult\ire. 

Under  these  conditions  in  the  saliva  of  one  of  us  (F.  J.  X.)  the 
bacilli  were  throughout  singularly  slim  and  in  the  later  growths  again 
they  tended  to  show  the  development  within  the  bodies  of  the  bacilli 
of  a  succession  of  deeply-staining  dots. 

A.  Schmidt  has  noted  that  he  obtained  these  filamentous  fonns  of 
the  colon  bacillus  by  the  addition  of  caustic  soda  to  broth.  We  found 
that  we  obtained  the  longest  forms  by  employing  lactose  broth  ren¬ 
dered  1.5°  acid  *  to  phenol phthalein  and  containing  2.5  per  cent  lac¬ 
tose.  Here  more  especially  on  the  surface  exposed  to  the  air  at  the 
end  of  24  hours  we  obtained  remai’kably  long  filaments.  Indeed,  we 
cannot  agree  with  Podet  that  the  addition  of  this  relatively  large 
percentage  of  lactose  to  broth  results  in  the  production  of  the  diplo- 
coceus  forms.  It  is  a  misfortune  that  liodct  did  not  state  more  pre¬ 
cisely  the  composition  and  the  reaction  of  his  broth. 

*  According  to  the  standard  given  in  the  report  of  a  committee  of  Amer¬ 
ican  Bacteriologists,  180S. 
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In  order  to  obtain  the  diplococcoid  forms  of  the  bacillus  we  con¬ 
ducted  a  seiies  of  experiments  npon  growth  in  broth  of  varying  de¬ 
grees  of  alkalinity  and  acidity  at  a  temperature  of  40°.  Under  these 
conditions  it  seemed  certain  that  after  the  first  24  honrs  we  obtained, 
more  especially  in  slightly  acid  broths,  a  relatively  increased  propor¬ 
tion  of  short  forms  with  polar  staining,  bnt  we  conld  not  convert  all 
the  bacilli  into  the  diplococcoid  fonn.  It  was  when  we  attempted  to 
grow  the  bacillus  npon  certain  of  the  body  fluids  that  we  met  with  the 
greatest  amount  of  success. 

The  frequency  Avith  which  we  had  encountered  this  diplococcus 
form  in  our  observations  in  the  liver  made  us  wonder  whether  our 
method  of  gaining  cultures  might  not  have  been,  in  part  at  least,  ac¬ 
countable  for  the  phenomenon.  As  Livingood  (4)  has  shown,  growth 
of  the  colon  bacillus  upon  organic  juices  expressed  from  the  liver, 
spleen,  etc.,  has  some  slight  effect  upon  the  morphologA^  of  this  mi¬ 
crobe.  lie  noted  that  while  the  colon  bacillus  in  general  was  rela¬ 
tively  very  large  when  grown  upon  healed  liver  jnice,  upon  unheated 
he  obtained  A'ery  short,  thick,  almost  oval  forms  with  abrupt  ends, 
these  o(*cnrring  occasionally  in  pairs.  Here  in  the  development  of 
these  oval  foims  there  is,  it  may  be  urged,  an  approach  towards  our 
di])lococcoid  form,  but  so  careful  an  observer  would  have  made  a 
fuller  note  upon  the  subject  had  he  recognized  constantly  the  devel¬ 
opment  of  the  di])l(X‘occoid  a])])earance. 

But  it  must  be  pointed  out  that  there  is  a  difference  between  inocu¬ 
lating  a  medium  with  a  loopful  of  a  culture,  i.  e.  with  hundreds  of 
thousands  of  a  micro-organism,  and  employing  a  medium  in  which 
what  bacilli  are  present  have  gained  an  entrance  through  the  ducts  and 
excretory  channels  of  the  organ  from  Avhich  the  fluid  has  been  ob¬ 
tained.  "Working  with  bile  for  example,  we  have  frequently  found 
that  by  making  ordinary  streak  cultures  iu  the  usual  method  Ave  ob¬ 
tained  no  results,  Avhereas,  gaining  the  l)ile  direct  from  the  bladder  by 
means  of  a  pipette  and  adding  a  drop  or  two  of  this  to  broth,  growths 
Avero  obtainable. 

The  conclusion  AA’liich  aa’c  liaA’e  reached  is  that  in  such  cases  the 
bacteria  have  been  pre.sent  in  relatively  small  numbers,  numbers  so 
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small  that  tlie  somewhat  weak  inhibitory  action  of  the  bile  has  been 
sufficient  to  prevent  growth  when  this  bile  has  not  been  diluted.  All 
our  work  goes  to  show  in  fact  that  bile  has  a  slight  inhibitoiy  effect, 
not  necessarily  destroying  the  micro-organisms,  but  permitting  growth 
to  continue  under  unfavorable  conditions  and  it  is  under  these  un¬ 
favorable  conditions  that  we  have  obtained  either  absence  of  groAvth 
or  development  of  the  diplococcoid  fonn.  For  example,  we  have  no¬ 
ticed  in  several  cases  that  whereas  Avith  bile  taken  immediately  from 
the  body  Ave  haA’e  obtained  no  cultiires,  A\’hen  a  pipette  of  that  bile 
has  been  kept  for  several  days  in  the  incubator,  fairly  numerous  fine 
colonies  of  the  B.  coli  have  developed  in  Avhich  the  individuals  shoAV 
a  tendency  to  assume  the  diplococcoid  form.  These  obserA’ations  pre¬ 
pared  us  to  find  that  the  diplococcoid  forai  of  the  bacillus  might  be 
a  modification  brought  about  by  the  action  of  the  body  fluids;  but 
more  especially  Avere  Ave  led  to  employ  these  body  fluids  by  tAVO  inter¬ 
esting  observations. 

In  September,  1898,  our  attention  Avas  called  by  Dr.  "W.  F.  Hamil¬ 
ton  to  a  case  of  Avhat  Avas  diagnosed  as  atrophic  cirrhosis  in  the  medi¬ 
cal  Avards  of  the  Royal  Victoria  Hospital;  this  diagnosis  Avas  s\ibse- 
quently  fully  confinned  at  autopsy.  Through  the  kindly  interest  of 
Dr.  Hamilton  Ave  Avere  present  at  the  first  tapping  of  the  patient  and 
then  obtained  under  careful  antiseptic  precautions  sterilised  flasks 
of  the  aseitic  fluid ;  at  the  same  time  a  guinea-pig  Avas  inoculated  Avith 
10  cc.  of  the  same  fluid  and  cultAires  A\’ere  made  directly  upon  broth, 
agar  and  blood-serum. 

A  full  account  of  this  case  is  on  the  point  of  publication  by  one  of 
us  and  Ave  Avill  liere  give  only  a  brief  epitome  of  the  results. 

l"pon  agar  and  Lbffler’s  blood-serum,  there  developed  scattered 
small  colonies  of  a  form  Avhich  at  first  Avas  taken  to  be  a  diplococcus 
but  Avhich  later,  in  the  course  of  48  hours,  upon  these  media  as  in 
the  broth,  shoAved  the  presence  of  definite  stumpy  bacilli,  often  ar¬ 
ranged  as  short  diplo-bacilli,  in  fact,  the  form  Avdiich  Ave  recognize  as 
very  characteristic  of  the  colon  bacillus.  Unfortunately  vacation  time 
came  on  and  the  opportunity  to  examine  fully  these  forms  passed  by. 
However,  the  guinea-pig  died  in  24  days,  the  autopsy  Avas  pei-formed 
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a  few  minutes  after  death  and  from  all  the  organs  we  obtained  a  pure 
cnlturo  of  the  colon  bacillus  which  appeared  to  be  quite  typical. 
Among  the  organs  from  which  m;ltures  were  made  was  the  gall-blad¬ 
der;  this  gave  a  pure  culture  of  the  colon  bacillus. 

A  pipette  full  of  the  bile  of  this  guinea-pig,  which  possessed  the 
characters  dwelt  upon  by  "Welch  and  Blachstein  (5),  i.  e.  was  clear, 
abundant  and  of  a  light  color,  showed  even  when  placed  in  the  incu¬ 
bator  no  apparent  growth  but  remained  unclouded;  at  most  a  few 
fine  granular  floccidi  were  present  after  some  days.  But  upon  exam¬ 
ining  a  film  of  this  bile  which  had  thus  been  kept,  it  was  found  to 
contain  abundant  minnte  diplococci  (vide  Fig.  12,  Plate  XVIII). 
These  grew  easily  when  transferred  to  agar,  the  colonies  being  minute 
and  much  smaller  than  those  of  the  typical  colon  bacillus. 

From  the  first  transfer  upon  broth,  coecus  and  diplococcoid  forms 
predominated  with  occasional  homogeneous  stumpy  bacilli  (vide  Fig. 
1,  Plate  XVIII).  Later  transfers  upon  agar  from  this  broth  led  to  the 
development  of  the  typical  bacillary  form — stumpy  bacilli  Avith 
rounded  ends,  often  arranged  as  short  diplo-bacilli  and  showing  a  ten¬ 
dency  towards  polar  staining.  The  moi’phological  features  of  the  cul¬ 
tures  now  became  coarser  and  resembled  those  of  the  ordinars’^  colon 
bacillus. 

Evidently,  therefore,  the  bile  of  the  guinea-pig  exercised  an  inhib¬ 
itory’^  effect  upon  the  growth  of  the  colon  bacillus  and  this  in  two  di¬ 
rections:  In  the  first  place  the  growth  Avas  peculiarly  sIoav,  so  that 
the  bile  did  not  become  turbid;  in  the  second,  the  individual  bacilli 
Avero  distinctly  modified,  they  Avere  very  much  smaller  than  normal 
and  stained  in  such  a  Avay  that  they  might  easily  be  mistaken  for  min¬ 
ute  diplococci.  In  fact  the  resemblance  betAvecn  these  minute  diplo¬ 
cocci  and  the  minute  diplococcus  forms  seen  both  in  the  cirrhotic  and 
the  normal  liver  is  most  striking. 

VTiat  is  true  of  the  bile  aa’ouUI  seem  equally  true  of  the  ascitic  fluid 
taken  from  this  case  of  cirrhosis.  The  fluid  obtained  Avas  slightly 
opalescent;  and  upon  keeping,  there  gradually  separated  out  a  thin, 
gelatinous,  proteid  precipitate.  Placed  in  the  incubator,  the  fluid 
remained  clear,  and  for  the  first  foAV  days  appeared  to  be  sterile;  by  the 
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end  of  a  fortnight,  however,  a  gTannlar  deposit  was  distinguished  and 
now  examination  of  the  fluid  showed  the  presence  in  it  of  singularly 
minute  diplococci  tending  to  be  aiTanged  in  chains  (vide  Fig.  2,  Plate 
XVIII).  It  may  be  remarked  that  this  chain-like  aiTangement  of  the 
colon  bacillus  has  been  previously  observed  by  Dunbar  (6),  Schmidt 
and  other  workers. 

Between  September  3  and  October  13  no  less  than  flve  tappings 
wei’e  made,  of  which  the  third  and  fifth  were  subjected  to  examination. 
Both  of  these  gave  cultures  upon  broth  and  agar  showing  diplococci 
merging  into  stumpy  ovoid  forms.  Here  again,  cultures  were  made 
immediately  from  the  ascitic  fluid  which  showed  forms  of  the  colon 
bacillus,  but  the  ascitic  fluid  kept  in  the  incubator  presented  only  pure 
cultures  of  an  extremely  minute  diplococcus.  After  keeping  for  3 
weeks,  subcultures  upon  agar  made  from  the  ascitic  fluid  no  longer 
gave  the  typical  colon  form;  instead  of  this,  a  modified  form  w’as  ob¬ 
tained,  the  indmduals  remained  relatively  small  and  very  shoii:  (vide 
Fig.  5,  Plate  XVIII) ;  only  after  prolonged  subculture  and  successive 
inoculations  from  1  per  cent  glucose  broth  did  the  forms  become 
slightly  larger  and  developed  into  a  stumpy  diplo-bacillus  smaller  than 
the  typical  colon  bacillus.  AVhat  is  more,  they  did  not  induce  fer¬ 
mentation  of  glucose  or  dextrose  broth  or  cause  the  indol  reaction.  It 
must  be  pointed  out  that  by  this  process  of  successive  cultivation 
tlu’ough  glucose  broth,  the  form  which  Avas  a  characteristic  diplo¬ 
coccus  had  become  converted  into  a  small  bacillus  arranged  as  a 
diplo-bacillus  and  this  stained  homogeneously. 

Upon  passage  through  three  guinea-pig’s  (the  guinea-pigs  being 
killed  from  tAvelve  to  twenty-four  hours  after  intra peritoneal  inocula¬ 
tion)  and  groAvth  upon  2.5  per  cent  lactose  broth,  the  form  has  be¬ 
come  still  larger  and  more  typical  but  still  Ave  fail  to  obtain  gas  pro¬ 
duction  (vide  Fig.  G,  Plate  XVIII). ^ 

"Within  the  last  feAv  days  Ave  have  again  obtained  this  diplococcus 
form  from  the  human  body.  The  patient,  under  Dr.  GarroAV  in  the 

*  Since  reading  this  paper  at  Washington  we  have  ol)tained  similar  results 
Avith  the  ascitic  fluid  from  another  case  of  atrophic  cirrhosis  in  the  service 
of  Dr.  AV.  F.  Hamilton,  in  which  again  the  diagnosis  was  confirmed  at  the 
autopsy. 
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siirgical  wards  of  the  Koyal  Victoria  Hospital,  suffering  from  marked 
hiliaiy  crises,  was  operated  upon  in  the  expectation  of  finding  a  con¬ 
dition  of  cholecystitis  with  gall-stones.  Upon  opening  the  abdomen, 
a  small  amount  of  fluid  escaped  and  a  platinum  loop  of  this  v.’as 
smeared  upon  agar-agar,  which,  remained  sterile,  and  immediatcdy 
about  a  drachm  of  the  fliiid  was  collected  under  strict  aseptic  precau¬ 
tions  in  a  sterile  flask  and  bi’ought  to  the  Pathological  Laboratory. 
Here  this  was  added  to  about  an  equal  quantity  of  sterilised  broth  and 
placed  in  the  incubator.  Upon  contim;ing  the  operation,  the  gall¬ 
bladder  and  ducts  were  found  pervious;  there  Avas  however  a  condi¬ 
tion  of  perihepatitis  with  subacute  peritonitis  affecting  the  Tipper  half 
at  least  of  the  abdominal  cavity  and  with  this  was  associated  some 
thickening  of  the  great  omentum. 

Upon  examining  the  above-mentioned  broth  culture  after  24  haul's, 
Dr.  BroAvn,  the  resident  surgeon,  found  that  it  contained  a  pure  cid- 
ture  of  minute  diplococci  and  immediately  called  our  attention  to  it. 
In  the  features  of  this  growth  upon  various  media,  this  form  has  so 
far  been  found  to  resemble  the  minute  diplococcus  already  mentioned 
as  obtained  from  the  case  of  cirrhosis,  though  the  growth  is  slightly 
more  active  and  free.  Passage  through  guinea-pigs  and  lactose  broth 
has  resulted  in  the  dei^elopment  of  a  form  identical  ivith  that  just 
mentioned  (vide  Fig.  Plate  XVIII). 

There  is  very  slow  development  of  turbidity  in  ordinaiy  broth, 
rather  more  rapid  in  glucose  broth,  but  with  an  absence  of  any  sign  of 
fermentation.  The  gi'owths  upon  the  surface  of  agar  in  both  were  at 
first  singularly  fine  so  that  they  resembled  closely  those  of  the  Strei)to- 
coccus  pyogenes,  though  possibly  more  transparent  than  the  latter. 
Upon  potato  the  growth  ivas  ini'isible;  upon  blood-serum  the  colonies 
were  also  very  fine  and  Avere  of  an  opaque  Avhite  fading  to  a  yelloAV 
tinge.  Upon  gelatine  there  Avas  sIoav  groAvth  Avithont  liqiu'faction, 
Avhile  litmus  milk  Avas  decolorized  until  it  became  almost  perfectly 
Avhite,  then  sloAvly  in  the  coiTrse  of  the  5th  day  or  so  a  fine  pink  color 
Avas  developed  in  the  medium;  the  milk  Avas  coagulated  at  the  end  of  a 
Aveek.  riroAvth  upon  broth  Avas  definite  but  not  abTindant  and  Avas 
associatecl  Avith  singularly  little  turbidity,  a  Avhite  someAA’hat  stringy 


J.  George  Adami,  Maude  E.  Abbott  and  F.  J.  Xicliolson  359 


precipitate  being  slowly  formed.  In  the  fermentation  tube  the  open 
limb  became  opalescent  or  moderately  turbid  in  the  course  of  48  hours, 
the  closed  limb  remained  perfectly  clear,  and,  in  addition,  in  neither 
glucose  nor  in  lactose  is  there  any  production  of  gas;  further,  there 
was  and  is  no  indol  reaction,  and  if  turbidity  be  present  it  is  still  singu¬ 
larly  slight. 

It  is  unnecessary  here  to  describe  all  the  methods  that  we  have  em¬ 
ployed  in  order  to  cause  these  forms  to  revert  to  type.  Briefly,  we 
may  say  that  we  have  obtained  the  greatest  change  by  culture  for  24 
hours  upon  broth  rendered  1.5°  acid,  according  to  the  method  recom¬ 
mended  by  the  Committee  of  Bacteriologists,  to  which  2.5  per  cent  of 
lactose  has  been  added.  In  this  medium  already  at  the  end  of  24 
hours  there  is  abundant  growth  and  well-developed  turbidity,  and  the 
individual  forms  are  relatively  large  and  ovoid,  frequently  ai*ranged 
as  stumpy  bacilli  (v.  Figs.  6  and  7,  Plate  XYIII). 

When  this  form  is  inocxdated  into  the  guinea-pig  intraperitoneally 
and  cultures  made  from  the  peritoneal  fluid  at  the  end  of  9  hours,  both 
upon  agar  and  glucose  broth,  growth  upon  glucose  broth  in  the  fer¬ 
mentation  txxbe  is  much  more  active  than  before  inoculation;  and 
whereas,  previous  to  inoculation,  only  the  open  end  of  the  txibe  had 
been  rendered  opalescent,  now  there  is  turbidity  throughout  both 
tubes.  As  already  stated  after  passage  through  three  guinea-pigs  and 
growth  of  this  same  medixxm  the  form  prodxiced  is  undistinguishable 
from  the  normal  colon  bacillus. 

It  is  possible  that  this  remarkable  and  someAvhat  peiristert  diplo- 
coccoid  form,  obtained  both  from  the  bile  of  the  inoculated  guinea- 
pig  and  from  the  ascitic  and  peritoneal  fluids,  has  become  attenuated 
during  its  stay  in  the  body;  and,  in  the  case  of  the  bile  for  example,, 
during  the  passage  through  the  liver  the  colon  bacilli  have  boon 
markedly  modified.  We  have  taken  sterilised  human  bile  and  added 
to  this  a  minute  quantity  of  a  stock  culture  of  the  colon  bacillus  and 
have  not  been  able  to  obtain  in  the  Idle  the  diplococcus  form  alone, 
although  it  is  true  that  diplococcus  forms  have  been  relatively  abun¬ 
dant. 

Here  it  is  interesting  to  recall  a  point  which  we  again  find  observed 
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by  Eodet,  namely,  that  the  human  bile  has  a  distinct  inhibitory  effect 
upon  the  mnltiplication  of  the  colon  bacillus.  Bile,  to  which  a  mi¬ 
nute  drop  of  a  twenty-four-hour-old  culture  had  been  added,  remained 
to  all  appearances  perfectly  clear  and  apparently  no  growth  had  oc¬ 
curred  during  four  days;  but  when  a  drop  of  this  bile  was  added  to 
about  10  ccm.  of  slightly  alkaline  broth  and  placed  in  the  incubator, 
that  broth  rapidly  became  turbid,  and  there  was  most  abundant  de¬ 
velopment  of  the  bacilli.  'SYe  are  making  further  observations  upon 
this  modification  of  the  bacillus  by  growth  in  bile.  This,  however, 
may  be  said  at  the  present  time:  that  possibly  the  existence  of  bac¬ 
teria  in  the  bile  may  easily  be  overlooked  when  the  ordinary  methods 
of  culture  upon  solid  media  are  employed,  the  concentrated  bile  inhib¬ 
iting  their  groudh. 

One  of  us  (M.  E.  A.)  has  already  found  that  human  bile  (3  cases), 
which  was  apparently  sterile  when  streaked  upon  agar-agar,  gave 
abundant  cultures  of  the  colon  bacillus  when  a  small  drop  was  added 
to  about  10  ccm.  of  glucose  broth. 


'  COXCLUSIOXS. - PART  I. 

1.  The  short  form  of  the  normal  colon  bacillus,  cultivated  upon 
the  ordinary'  bacteriological  media,  frequently  presents  polar  stain¬ 
ing;  the  appearance  given  being  that  of  two  rounded  bodies  staining 
more  deeply  than  the  rest  of  the  bacillus  and  lying  in  and  united  by 
less  dee]dy  staining  material. 

2.  In  the  more  filamentous  forms  a  succession  of  these  more  deeply 
staining  bodies  is  at  times  to  be  recognized. 

3.  Growth  outside  the  body  under  relatively  unfavorable  conditions 
renders  the  polar  staining  more  prominent,  so  that  the  shorter  forms 
may  closely  resemble  diplococci,  and  the  filamentous  forms  show  a 
common  unstained  or  lightly  staining  sheath  in  which  is  to  be  made 
out  a  succession  of  minute  dots  in  pairs,  and  of  somewhat  larger  more 
ovoid  dots. 

4.  We  have  so  far  been  unable  by  modifying  the  reaction  of  ordi¬ 
nary  media  and  by  continued  gvowth  at  a  high  temperature  (46°  C.) 
to  produce  cultures  in  which  the  diplococcoid  form  alone  has  been 
present,  although  by  these  means  we  have  gained  cultures  in  which 
this  form  has  predominated. 
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5.  On  the  other  hand  certain  body  fliiids  sown  naturally,  if  we  may 
so  term  it,  with  the  colon  bacillns — i.  e.  the  ascitic  and  peritoneal  fluids, 
from  a  case  of  hepatic  cirrhosis  and  of  peritonitis  respectively,  and  the 
bile  of  a  guinea-pig  inocidated  with  an  attenuated  (?)  form  of  the  colon 
bacillus — have  yielded  us  diplococcoid  growths  so  modified  that  we 
have  not  so  far  been  able  to  cause  them  to  revert  completely  to  type.” 

6.  It  has  been  by  the  prolonged  action  of  these  fluids  that  these 
changes  in  the  colon  bacilli  have  been  produced ;  cultures  made  from 
them  immediately  after  removal  from  the  body  have  yielded  us,  either 
immediately  or  after  one  or  two  transfers,  typical  cultures  of  the  colon 
bacillus;  where  these  fluids  have  been  kept  from  ten  to  twenty  days 
the  modified  diplococcoid  form  has  been  produced. 

7.  The  slight  but  definite  inhibitory  action  of  bile  upon  the  growth 
of  the  colon  bacillus  is  shown  in  two  ways:  (a)  Streak  cultures  of  bile 
upon  agar  may  remain  sterile,  whereas  the  same  bile  added  to  ordinary 
peptone  broth  may  be  the  seat  of  active  growth,  (h)  Similar  bile 
kept  for  several  days  in  the  incubator  remains  clear  and  shows  singu¬ 
larly  little  evidence  of  growth  Avithin  it,  Avhile  subcultures  from  this 
yield  fairly  numerous  colonies  of  a  modified  diplococcoid  form  of  the 
bacillus. 

8.  The  ascitic  fluid  from  a  case  of  hepatic  cirrhosis  Avas  found  to 
possess  similar  properties  of  modifying  the  colon  bacillus  and  inhibit¬ 
ing  its  groAvth. 

9.  These  modified  colon  bacilli  are  relatively  minute,  assume  a  dip¬ 
lococcoid  form,  are  non-motile,  form  pin-point  colonies  upon  agar- 
agar,  cause  but  slight  tui’bidity  in  broth  and  an  almost  inAusible 
groAvth  upon  potato,  act  but  sloAvly  upon  litmiis  milk,  liaA’e  lost  the 
poAver  of  fermenting  glucose,  lactose  and  dextrose  broths,  and  do  not 
develo])  the  indol  reaction. 


PART  II. 

ON  THE  I)TPLOCOCCUS-LTKE  MODIFICATION  OF  THE  COLON  BACILLUS  IN  TUB 

TISSUES. 

Taking  a  series  of  four  young  rabbits,  Aveighing  from  225  to  305 
grins.,  Ave  inoculated  into  the  marginal  vein  of  each  0.75  ccm.  of  a 
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24-lioiir  growth  of  the  colon  bacillus  and  killed  the  animals  at  inteiwals 
of  15  minutes,  30  minutes,  1  and  2  hours.  The  various  organs  were 
immediately  placed  in  formol-Miiller  and  were  subsequently  cut  in 
celloidin  and  paraffin,  the  sections  being  stained  by  carbol-thionin. 

Our  attention  was  at  first  especially  directed  to  the  liver.  Here  al¬ 
ready  in  the  animal  killed  15  minutes  after  intravenous  inoculation, 
a  definite  series  of  changes  was  seen  to  have  occun-ed  (vide  Figs.  13 
and  14,  Plate  XIX).  In  the  blood  vessels  of  the  liver  free  bacilli  of 
IK  rmal  size  and  appearance  were  occasionally  to  be  observed  but,  al¬ 
ready,  bacilli  could  be  recognized  within  the  leucocytes  in  the  blood 
stream.  The  number  of  these  leucocytes  was  not  excessive  but  each 
contained  a  relatively  large  number  of  bacilli.  In  addition,  already 
the  endothelium  lining  the  vessels  was  seen  to  be  very  prominent;  here 
and  there  these  cells  contained  a  fairly  large  number  of  bacilli. 

In  30  minutes  the  number  of  bacilli  in  the  endothelial  cells  and  the 
number  of  endothelial  cells  containing  bacilli  was  markedly  increased. 
These  bacilli  situated  within  the  endothelial  cells  already  showed 
strongly  marked  differences  from  those  free  in  the  blood  stream.  The 
latter  were  of  normal  length  and  thickness  and  took  on  a  homogene¬ 
ous  stain.  Those  within  the  endothelial  cells  were  short  and  stumpy, 
sometimes  almost  coccus-like.  The  appearance  given  is  that  of  a 
primitive  bacillus  having  been  broken  up  into  shorter  lengths. 

In  the  rabbit  killed  at  the  end  of  one  hour,  the  number  of  bacilli 
seen  in  the  blood  stream  was  distinctly  less;  but  there  was  a  further 
increase  of  those  in  the  endothelial  cells.  Occasionally  in  the  endo¬ 
thelial  cells  relatively  large  bacilli  could  be  seen,  but  the  majority  of 
forms  were,  as  in  previous  specimens,  very  short  and  stiunpy,  and  the 
impression  gained  by  a  study  of  the  sections  is  that  the  bacillus  is 
taken  up  in  the  long  form  and  subseqiiently  broken  up  into  shorter 
sections.  At  this  period  no  well  stained  bacilli  could  be  seen  in  the 
liver  cells.  Already  in  the  endothelial  cells  certain  of  these  st\impy 
foims  had  the  appearance  of  diplococci  of  fair  size. 

In  the  liver  of  the  rabbit  killed  two  hours  after  inoculation  the 
same  appearances  were  to  be  made  out  as  those  seen  in  the  rabbit  of 
one  hour,  namely,  the  ])resence  of  short  and  stumpy  bacilli  in  the  en- 
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dotlielial  cells;  Ave  Avere  of  the  opinion  that  a  larger  proportion  of  these 
had  the  appearance  of  diplococci  than  in  the  previous  sections.  In 
several  places  between  the  liver  cells,  as  Indeed  also  in  sections  taken 
at  an  earlier  period,  there  Avere  to  be  made  OAit  apparently  AAuthin  the 
A^essels  hyaline  masses  Avhich  contained  numerous  bacilli.  M’^e  haA’e 
found  some  little  difficulty  in  coming  to  a  conclusion  as  to  the  nature 
of  these  masses;  the  large  ones  AA’ould  seem  certainly  to  be  hyaline 
thrombi,  but  in  the  smaller  ones  it  Avas  often  difficult  to  make  quite 
certain  AA’hether  avc  AA’ere  not  dealing  Avith  some  phenomenon  in  con¬ 
nection  Avith  the  endothelial  cells;  for  A’ery  frequently  a  nucleus  of 
endothelial  type  Avas  in  close  connection  Avith  these  smaller  hyaline 
masses.  M"e  could  not  absolptely  leave  out  of  account  the  possibility 
that  Ave  Avere  dealing  Avith  A'ery  greatly  sAvollen  endothelial  cells. 

Up  to  this  point  Ave  Avere  AUiable  to  recognize  in  any  of  the  sections 
of  this  series  indications  that  the  bacilli  had  been  taken  up  by  the 
liver  cells.  But  in  a  rabbit  killed  four  houi*s  after  inoculation  Ave 
came  across  great  numbers  of  extremely  minute  broAvnish  shadoAVS 
definitely  Avithin  the  hepatic  parenchyma  (v.  Eig.  15,  Plate  XX).  IVe 
have  been  Avholly  unable  to  stain  these  little  bodies  and  indeed  only 
by  veiy  careful  examination  AA'ith  the  l/18th  immei’sion  lens  have  Ave 
been  able  to  see  them  distinctly,  but  Avith  this  magnification  there  they 
most  certainly  are  and  the  more  carefully  they  are  studied  the  more 
clearly  they  are  seen  to  be  present  in  general  as  extraordinarily 
minute  little  broAvnish  diplococci,  at  times  shoAving  a  halo  around 
them.  And  the  more  one  has  studied  these  appearances  the  more  it 
seems  likely  that  this  apparent  halo  indicates  that  these  small  bodies 
lie  in  A-acuoles,  although  in  part  also  the  appearance  may  be  due  to 
the  existence  of  an  unstained  sheath  or  body  substance. 

Kvidently,  judging  by  the  sections  from  this  stage  of  the  inocula¬ 
tion  disease,  not  only  are  the  bacilli  taken  up  in  large  numbers  into 
the  liver  cells,  biit  being  taken  up  they  undergo  rapid  digestion  and 
destruction  so  that  they  can  no  longer  bo  stained  by  the  ordinaiw  meth¬ 
ods  and  Avhat  Ave  see  are  essentially  the  shadoAA’s  of  the  bacilli.  "We 
have  attempted  to  make  out  the  stages  by  Avhich  the  bacilli  pass  fi’om 
the  endothelium  into  the  liver  cells,  l)ut  so  far  Avithout  great  success. 
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Here  and  there  in  sections  of  the  two-hour  rabbit  we  have  been  able 
to  make  oiit  that  the  endothelium  appeared  to  be  raised  from  the  un¬ 
derlying  cells  and  on  the  inner  side  of  this  endothelium  very  rarely 
we  could  see  in  the  spaces  between  the  endothelium  and  liver  cell, 
well-stained  coccus  or  diplococcus-like  bodies.  AVe  are,  however,  un¬ 
willing  to  dwell  too  strongly  upon  these  appearances,  inasmuch  as 
the  endothelial  cells  showing  these  features  were  crowded  with  bac¬ 
teria  and  we  could  not  exclude  the  possibility  that  in  the  process  of 
preparation  the  cells  might  have  become  slightly  dislodged  and  that 
so  the  appearance  of  the  bacilli  apparently  outside  the  main  body  of 
the  cells  might  be  due  to  their  presence  in  a  slightly  different  plane. 

Taking  next  well-developed  rabbits  similarly  inoculated  and  killed 
at  the  end  of  24  hours,  we  have  found  in  them  the  presence  of  bacilli 
in  the  endothelial  cells,  while  the  brown  shadows,  as  we  may  term 
them,  have  been  present  in  enonnous  numbers  in  the  liver  cells. 

Thus  far  then,  from  what  we  have  said,  it  would  appear  evident  that 
when  the  colon  bacillus  enters  into  the  circulation  it  is  liable  to  be 
taken  up  rapidly  by  the  endothelial  lining  of  the  hepatic  vessels  and 
in  this  process  undergoes  division  into  smaller  segments;  so  that  in 
the  main  one  meets  with  stumpy  forms  in  these  cells,  forms  which  still 
.stain  well,  although  often  showing  a  tendency  towards  a  diplococcoid 
appearance.  Following  upon  this  within  4  hours  these  bacilli  are 
discliarged  by  the  endothelial  cells  and  are  by  some  means  or  other 
taken  i;p  by  the  hepatic  cells,  and  there  are  rapidly  destroyed,  so  that 
it  is  only  by  careful  examination  that  minute  coccus  or  diplococcus- 
like  bodies  are  discovered  within  the  liver  cells. 

It  is  interesting  to  note  that  upon  examining  a  film  of  the  bile  taken 
from  inoculated  animals  at  the  end  of  24  hours  one  can,  by  careful 
preparation,  recognize  in  it  these  veiy  minute  diplococcus-like  bodies. 
To  see  them  it  is  necessary  to  make  a  very  fine  film,  treat  with  weak 
acetic  acid,  wash,  and  then  stain  with  dilute  carbolic  fuchsin  and  ex¬ 
amine  under  the  highest  power. 

But  we  now  come  to  certain  great  difficulties  in  connection  Avith  the 
statements  here  made.  In  the  first  place,  making  a  large  series  of 
control  obseiwations  upon  the  livers  of  apparently  normal  adult  ral)- 
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bits  we  have  frequently  come  across  these  same  diplococcns-like  bodies 
and  in  four  instances  in  relatively  A’ery  great  niimbers.  Indeed,  these 
diploeoccus-like  bodies  would  seem  to  be  veiw  frequently  present,  more 
often  present  than  absent  from  the  rabbit’s  liver. 

To  obviate  this  difficulty  it  seemed  to  ns  that  we  might  obtain  more 
decisive  resi;lts  by  employing  very  young  rabbits,  from  3  to  6  weeks 
old.  In  onr  control  of  the  livers  of  these  very  young  rabbits,  we  have 
found  that  the  diplococci  appear  to  be  absent.  Upon  making  a  like 
series  of  inoculations  into  these  very  young  rabbits  and  killing  at  2, 
4  and  24  hours,  we  hoped  definitely  to  settle  the  question.  But  here 
at  first  we  had  wholly  negative  results.  By  our  routine  methods  of 
staining  we  were  unable  to  detect  any  bacteria  within  the  cells  even 
when  we  employed  sections  that  had  been  cut  in  paraffin.  So  opposed 
to  all  our  previous  results  and  conclusions  did  this  appear  that  for  a 
time  we  were  on  the  point  of  relinquishing  this  communication.  It 
is  possible  that  either  the  carbol-thionin  used  by  us  for  the  experiments 
was  defective,  or  oi;r  technique  modified  in  some  slight  degree,  for  at 
the  best  the  carbol-thionin  method  does  at  times  show  itself  wanting. 
But  our  failure  was  so  constant  that  we  hardly  believed  that  this  ex¬ 
planation  would  suffice. 

Xow  Ave  have  attempted  to  stain  other  sections  from  the  same  blocks 
by  other  methods  and  we  eventually  found  that  staining  for  half  an 
hour  Avith  Lbffler’s  methylene-blue,  Avashing  AAuth  tepid  Avater,  and 
then  passing  through  absolute  alcohol  and  xylol,  Ave  obtained  sections 
in  Avhich  the  tissue  is  relatively  faintly  stained  and  in  Avhich  Ave  Avere 
able  to  detect  AA’ithin  the  cells  pecAiliar  small  diplococci  having  the 
faintest  broAvn  tinge.  These  AA^ere  obtained  from  the  livers  of  animals 
AA’hieh  had  been  inoculated  tAA’o  and  four  hours  before  death.  Our  fail¬ 
ure  to  recognize  these  bodies  is  in  fact  due  to  their  minute  size  and 
their  A’ery  faint  stain.  IVe  have  examined  control  livers  also  from 
young  animals  by  the  same  methods  Avith  negative  results. 

It  AA’ould  seem  clear  to  us  that  the  rate  at  Avhich  the  colon  bacilli 
are  taken  up  and  destroyed  in  the  liver  varies  to  some  extent  in  differ¬ 
ent  animals,  according  to  the  condition  of  the  tissues  and  the  vinilence 
of  the  microbe.  It  is  to  be  noted  that  the  ciilture  emplo3’ed  in  this 
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latter  series  was  from  tlie  same  stock  as  that  employed  previously — a 
stock  Avliicli  had  been  grown  outside  the  body  for  now  an  additional 
six  months.  And  here  we  may  notice  that  the  diplococci  staining 
most  deeply  and  also  those  having  the  deepest  brown  tinge  were  in  the 
livei’s  of  rabbits  dying  from  3  to  4  weeks  after  inoculation  as  again 
ill  certain  of  our  control  animals.  Our  experimental  animals  which 
had  been  kept  alive  at  the  most  for  24  hours  have  yielded  us  only 
dijdococcus  forms  showing  but  a  delicate  bi’own  staining  within  the 
cells. 

While  Ave  Avere  in  doubt  Avith  regard  to  this  second  series  of  livei's, 
it  seemed  to  us  aa'cII  to  study  another  excretory  organ  not  in  connection 
Avith  the  portal  circidation.  Examining  the  kidneys  of  several  control 
ralibits,  Ave  have  in  no  case  been  able  to  find  the  diplococcus  forms 
present  AAuthin  the  organ  in  the  great  numbers  in  Avhich  aa’c  have  come 
across  them  in  the  livers  of  the  same  animals.  AVe  have  met  AA’itli 
occasional  diplococci  Avithin  the  cells  of  the  convoluted  tubules,  but 
these  have  been  rare.  AVe  have  foAind  that  the  examination  of  the 
kidneys  for  these  modified  colon  bacilli  has  been  a  matter  of  consid¬ 
erable  difficulty.  Undoubtedly  they  are  taken  up  by  the  cells  of  the 
convoluted  tubules.  Of  this  Ave  have  abundant  evidence,  and  occa- 
simially  Ave  liaA'e  come  across  Avell-staining  diplococcus-like  forms  in 
the  outer  portion  of  the  kidney  cells,  but  the  diplococcus  forms  appear 
to  be  destroyed  Avith  great  rapidity  and  in  the  process  of  destruction 
do  not  assume  the  broAA’nish  tinge  already  referred  to  in  connection 
Avith  the  liver;  thus  it  has  been  a  matter  of  extreme  difficulty  to  trace 
them.  AVe  have,  hoAvever,  seen  them  in  great  numbers  in  the  cells  of 
the  convoluted  tubules  of  the  rabbit  2  hours  after  inoculation  and 
again  at  24  hours,  in  this  latter  the  number  being  greater.  Here 
also  in  the  cells  of  the  tubules  in  A’ery  thin  sections  aa'c  have  come 
across  numerous  minute  vacuoles  of  an  elongated  OA’al  shape  often 
slightly  dented  in  the  middle,  and  Avithin  these  Ave  have  at  times  been 
able  to  distingnish  tA\'o  very  minute  dots,  evidently  the  very  final  'ndi- 
cation  of  the  disa])pcaring  and  destroyed  bacillus  (vide  Fig.  11,  Plate 
XA’^ni).  Independently,  Dr.  A.  (1.  Xicholls  (7)  has  studied  the 
kidneys  of  the  animals  inoculated  l)y  us  and  has  met  Avith  these  diplo¬ 
coccus  forms,  fully  confirming  AA’hat  avc  liaA'e  stated. 
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CONCLtrSIONS. - PART  II. 

Oilr  obsen-ations,  therefore,  upon  the  rabbit  would  lead  us  to  the 
following  conclusions: 

1.  That  the  colon  bacillus  injected  into  the  circulation  is  rapidly 
taken  up  both  by  the  liver  and  the  kidney. 

2.  That  within  15  minutes  after  inoculation  some  bacilli  are  already 
ingested  by  the  endothelial  cells  in  the  liver,  this  process  of  ingestion 
continuing  until  some  of  these  cells  are  full  of  bacilli. 

3.  That  in  this  process  of  ingestion  the  bacilli  are  broken  up  into 
.shorter  lengths  and  that  these  short  stumpy  bacillary  forms  may  al¬ 
ready  within  the  endothelial  eells  present  themselves  as  two  deeply- 
staining  dots  and  may  thus  resemble  diplococci. 

4.  Idiat  already  in  two  hours  the  moditied  bacilli  may  be  discharged 
outwardly  from  the  endothelial  cells  and  be  taken  up  by  the  underly¬ 
ing  liver  cells. 

5.  The  exact  stages  of  this  discharge  we  have  been  unable  to  fol¬ 
low.  In  the  liver  cells  the  modified  bacilli  are  to  be  recognized  as 
small  diplococci  of  a  size  vaiying  from  that  equal  to  the  diplococci 
seen  in  the  endothelial  cells,  down  to  points  of  extreme  tenuity; — 
evidently  these  forms  are  undergoing  destruction.  In  the  first  place, 
they  lose  their  power  of  staining;  in  the  second,  if  the  destruction  is 
not  too  rapid,  they  assume  a  brownish  tinge.  The  causation  of  this 
brownish  tinge  we  have  not  yet  detennined,  but  it  is  to  be  made  out 
in  the  unstained  sections,  and  our  studies  upon  the  human  liver  indi¬ 
cate  to  us  that  not  a  little  of  the  fine  pigmentation  common  in  liver 
cells  is  brought  about  by  the  existence  in  these  cells  of  these  minute 
elements  of  bacterial  destruction. 

During  this  process  of  destruction  the  modified  bacilli  lie  in  diges¬ 
tive  vacuoles  and  the  frequent  appearance  of  the  halo  around  these 
forms  is  in  great  part  due  to  the  existence  of  the  vacuole.  We  have 
occasionally  been  able  to  make  out  what  appear  to  be  these  vacuoles 
in  the  liver  cells  without  the  evidence  of  the  contained  microbe, 
that  having  been  apparently  entirely  digested.  We  have  seen  the 
same  appearance  also  in  peritoneal  leucocytes  nine  hours  after  intra- 
peritoneal  inoculation  with  modified  colon  bacilli  (vide  Fig.  10,  Plate 
XVIII). 
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0.  In  the  kicliicy  the  same  process  is  at  work — we  have  recognized 
tlie  diplococcns  form  within  the  cells  at  the  expiration  of  two  hours 
after  inoculation  and  have  also  seen  the  vacuoles  within  the  cells  and 
convoluted  tubules  and  there  have  occasionally  met  with  the  two  dots 
just  visible  as  iinal  indications  of  the  process  of  digestion  of  the 
bacillus. 

We  sincerely  hope  that  others  will  repeat  and  confirm  these  obser¬ 
vations,  though  to  those  repeating  them,  we  woixld  point  out  that  it 
is  absolutely  essential  to  employ  higher  powers  than  those  ordinarily 
used  for  bacteriological  investigations,  while  the  finest  sections  are 
requisite  to  give  clear  results.  Very  careful  technique  in  the  matter 
of  intensive  staining  and  decolorizing  of  the  tissues  is  also  an  essential. 
Unless  these  points  are  attended  to,  our  frequent  difficulties  in  forging 
the  chain  of  evidence  here  brought  forward,  Avill  certainly  present 
themselves  and,  without  great  patience,  Ave  cannot  expect  othei's  forth¬ 
with  to  corroborate  our  results.  We  are  prepared,  that  is,  to  find 
these  resiilts  called  in  question.  But  after  many  months’  and,  on  the 
part  of  one  of  us,  many  years’  puzzling  over  these  pecidiar  pigmented 
bodies  seen  more  especially  in  the  liver,  Ave  do  not  see  Avhat  other  con¬ 
clusion  to  reach.  Here  Ave  may  say  that  Ave  are  prepared  to  find  bac¬ 
teria  other  than  the  colon  bacilli,  Avhen  taken  up  by  the  cells  of  the 
liver  and  kidney,  assume  A^ery  similar  forms.  Indeed,  Ave  already  have 
eAudence  of  this  in  connection  Avith  the  typhoid  bacillus. 

If  the  above  conclusions  are  correct,  it  is  clear,  judging  from 
Avhat  Ave  haA^e  said  concerning  the  appearances  seen  in  many  normal 
livers  of  rabbits — and  seen  also,  Ave  may  add,  in  the  human  liver — 
that  the  liver  as  an  organ  possesses  the  most  important  function  of 
taking  up  and  destroying  bacteria,  more  especially  the  colon  bacillus, 
which  have  gained  admission  through  the  portal  blood,  Avhile  the  kid¬ 
ney  possesses  a  like  poAver  of  destroying  rapidly  bacteria  circulating  in 
the  general  systemic  blood. 

As  our  paper  is  more  especially  upon  this  diplocoecoid  form  of  the 
colon  bacillus  and  its  modifications  Avithin  the  body,  Ave  Avill  not  here 
dAvell  upon  this  subject,  especially  as  one  of  us  has  already  called  at- 
te}ition  to  this  conclusion  elseAvhere  (1). 
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We  purpose,  if  possible,  making-  a  series  of  obsei-v'ations  upon  those 
conditions  which  lead  to  the  taking  up  of  bacteria  from  the  intestines 
and  their  coin-se  through  the  blood  and  again  through  the  lymphatic 
system. 

Finally,  a  few  words  regarding  the  stnicture  of  the  colon  bacillus  to 
be  deduced  from  the  above  obseiwations.  It  is  difficult  to  arrive  at 
any  other  conclusion  than  that  the  type  of  this  organism,  is  a  stumpy 
bacterium  with  rounded  ends.  This  bacillus  consists  of  at  least  two 
parts,  one  which  takes  deeply  the  stain,  the  other  relatively  non-stain¬ 
ing.  Under  ordinai-y  conditions  of  free  and  rapid  growth,  these  are 
not  to  be  distinguished  from  each  other — under  other  conditions,  more 
especially  those  of  difficult  growth,  the  chromatin  or  staining  por¬ 
tion  tends  to  be  aggregated  along  the  axis  of  the  bacillus,  most  char¬ 
acteristically  in  the  stumpy  bacillary  form  as  two  rounded  bodies — 
and  thus  the  appearance  is  given  of  a  diplococcus,  a  capsulated  diplo- 
coccus,  the  apparent  capsule  being  the  non-staining  body  substance. 

Where  the  bacillus  is  of  the  large  or  filamentous  type,  our  obseiwa¬ 
tions  would  seem  to  show  us  that  the  filament  is  capable  of  being 
broken  up  with  a  certain  amount  of  ease,  e.  g.  in  the  endothelial  cells, 
into  its  comjionent  stumpy  or  bacterial  forms;  each  of  these  being 
either  a  single  oval  deeply-staining  body,  or,  as  above-mentioned,  two 
rounded  staining  bodies,  so  that  it  assumes  the  diplococcus  fonn.  The 
size  of  these  clu-omatin  bodies  varies  as  would  be  the  case  were  the 
chromatin  capable  of  varying  degrees  of  concentration. 

Judging  from  what  is  obseiwed  within  the  hepatic  and  renal  eells, 
these  chromatin  bodies  consist  at  least  of  a  basal  material  or  frame¬ 
work  and  a  chromatin;  for  the  power  of  staining  (with  aniline  dyes) 
may  completely  disappear  and  nevertheless  a  substance  is  left  behind 
still  capable  of  recog-nition  as  a  minute  diplococcus,  unstained  by  or- 
dinaiw  reagents  but  within  the  liver  cell  capable  of  taking  up  a  brown¬ 
ish  pigment.  From  the  appearance  w-ithin  the  body  cells  this  central 
substance  is  obviously  more  resistant  than  the  remainder  of  the  bacil¬ 
lus.  It  is  the  last  part  of  the  bacillus  to  be  destroyed — indeed,  these 
diplococcus-like  shadows  of  bacilli  may  accumulate  within  the  liver 
cells  more  especially,  and  the  mesenteric  and  retroperitoneal  glands. 
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We  will  not  here  discuss  the  recent  work  upon  the  existence  of  nu¬ 
clei  or  of  nuclear  niateiial  in  the  schizoniycetes.  It  is,  however,  im¬ 
possible  not  to  he  struck  by  the  analogy  in  structure  between  the 
colon  bacillus  as  here  described  and  nucleated  cells  in  which  nuclear 
division  precedes  cell  division.  For  we  have  the  forms  shown  in  the 
accompanying  figure. 


: 
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To  sliow  relationships  of  bacteria,  ovoids  and  diplococcoids. 


1.  — Variations  in  stumpy  bacterial  form. 

2.  —  “  “  form  with  polar  staininfr. 

3.  —  “  lilamentous  form. 


This  paper  being  already  longer  than  we  had  intended  to  present  we 
have  omitted  any  consideration  or  cnticism  of  the  observations  by 
Giirtner  (8),  Klein  (9),  Thiercelin  (10)  and  many  others,  which  show  a 
recognition  or  failure  of  recognition  of  the  existence  of  this  diplo- 
coccoid  form  of  the  colon  bacillus,  and  very  frequently  a  tendency  to 
mistake  the  diplococcoid  and  encapsulated  form  of  the  colon  bacillus 
for  an  entirely  different  species.  This  subject  will  be  discussed  at 
greater  length  by  one  of  us  (!M.  E.  A.)  in  a  separate  article. 
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DESCItll’TlOX  OF  PLATES  X\TII-XX. 

1‘I.ATE  XVIII. 

Tlie  fif>ures  of  bneteria  have  all  been  drawn  (by  J.  G.  A.)  under  the  same 
magnifieation,  /.  r.  Keiehert  in.  immersion,  oenlar  4,  by  means  of  a  Z.  iss 
camera  Incida,  latest  pattern.  All  were  subjected  to  the  same  process  of 
staining:  Ziehl-Xeelsen  carbol-fnchsin  diluted  with  50  per  cent,  of  water. 
They  were  relatively  deeply  stained  and  then  decolorized  in  water  contain¬ 
ing  a  niinnte  proportion  of  acetic  acid — about  one  drop  of  glacial  acetic 
acid  to  the  ounce  of  water.  The  drawings  of  sections  were  made  under  the 
same  conditions,  with  the  e-xeejition  of  Fig.  11,  which  is  a  tracing  from  a 
photograi)h. 

Fig.  1.  Growth  originating  from  bile  of  gninea-pig  which  died  24  days 
after  intraperitoneal  inoculation  with  10  ccm.  of  ascitic  fluid  from  case  of 
hepatic  cirrhosis;  48  hours’  growth  in  alkaline  peptone  broth  inoculated 
from  48  hours’  culture  upon  agar-agar,  which  in  its  turn  had  been  seeded 
from  a  pipette  of  the  guinea-pig’s  bile  removed  a  few  minutes  after  death 
and  kept  for  18  hours  at  37°. 

Fig.  2.  From  film  made  from  the  ascitic  fluid  of  the  above  of  hepatic 
cirrhosis  left  in  sterilized  flask  at  37°  for  17  days. 

Fig.  3.  From  first  broth  culture,  48  hours  old,  made  from  the  above 
ascitic  fluid;  note  minute  ovoids  as  w’ell  as  diplococci. 

Fig.  4.  From  48-honr  culture  upon  Liilfler’s  blood-serum  made  direct 
from  the  above  ascitic  fluid;  forms  a  shade  larger  than  those  from  broth, 
with  slight  tendencj’  to  be  arranged  in  short  chains. 

Fig.  5.  'Pile  same  microorganism  after  repeated  transfer  iipon  agar-agar 
during  (>  months;  individuals  much  larger,  although  still  relatively  small, 
with  short  bacillary,  diplobacillary,  and  di[)lococcoid  forms. 

Fig.  6.  The  same  after  transfer  through  three  guinea-pigs,  followed  by 
three  successive  transfers  through  2.5  per  cent  lactose  broth;  bacillus  now 
is  morphologically  iudistinguishable  from  the  forms  seen  in  Fig.  1  and 
(save  in  absence  of  flagella)  from  the  ordinary  colon  bacillus. 

Fig.  7.  Microbe  isolated  from  peritoneal  exudate  in  case  of  peritonitis 
with  perihepatitis  after  parallel  passage  through  three  guinea-pigs  and 
transfer  through  lactose  broth.  The  microbe,  iipon  first  i.solation,  was  a 
minute  diplocoecus.  It  will  be  seen  to  be  indistinguishable  from  that  show'n 
in  Fig.  fl;  culturally,  it  was  identical. 

Fig.  8.  To  show  arrangement  of  diplococcoids  and  ovoids  in  filamentous 
form  of  a  colon  bacillus  isolatt'd  from  the  si)leen  in  a  ease  of  progressive 
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hepatic  cirrhosis.  From  a  colony  in  an  agar  plate  kept  5  days  under  iin- 
favorable  conditions  (vide  British  Medical  Journal,  October  22,  1898). 

Fig.  9.  From  film  made  from  the  bile  of  a  rabbit  killed  7  hours  after 
intravenous  inoculation  ■with  the  colon  bacillus;  the  bile  'W'as  kept  14  days 
in  iiipette  before  examination.  Note  variety  of  forms:  rare  short  bacilli 
and  diplobacilli  with  slight  capsule,  diplococci  with  well-marked  capsules, 
minute  diplococci  (?  destroyed)  devoid  of  capsule. 

Fig.  10.  Cells  from  iieritoneal  fluid  of  guinea-i)ig  killed  7  hours  after 
intraperitoneal  inoculation  with  a  48-hour  broth  culture  of  form  shown  in 
Fig.  5,  i.  e.  from  agar  cultures  derived  from  the  ascitic  fluid  from  a  case 
of  cirrhosis.  Stained  with  carbol-thionin,  Reichert  fV  in.  immersion,  ocular 
4,  drawn  under  a  Zeiss  camera  lucida.  a.  Deeply-stained  bacterial  and 
diplococcoid  forms,  b.  Attenuated  diplocoecoids  in  large  vacuoles,  c.  Still 
further  attenuated  diplocoecoids.  d.  Vacuoles  void  of  contents. 

Fig.  11.  From  section  of  convoluted  tubules  of  kidney  of  young  rabbit 
killed  two  hours  after  intravenous  inoculation  with  pure  culture  of  Bacillus 
coli.  Tracing  from  photograph  under  Zeiss  in.  immersion,  compared 
with  original  section  (the  photograph  not  being  perfect),  a.  Deeply-stain¬ 
ing  di])lococcoid  form  just  within  cell  of  tubule,  h.  Attenuated  diplococcoid 
form  in  vacuole,  c.  Empty  vacuoles  of  oval  shape. 

Fig.  12.  To  compare  with  Fig.  1.  From  film  of  bile  from  guinea-pig  kept 
in  jjipette  and  placed  in  incubator  at  37°  for  eighteen  hours.  A  drop  of 
this  same  bile  passed  through  broth  and  agar  gave  the  form  shown  in 
Fig.  1.  Note  presence  of  ovoids,  diplocoecoids,  and  diplococci. 

Plate  XIX. 

Fig.  13.  Section  of  liver  of  rabbit  killed  15  minutes  after  intravenoi 
inoculation  with  0.5  cc.  of  48-hour  broth  culture  of  B.  coli;  carbolic  thionii  , 
Zeiss  camera  lucida;  ysth  oil  immersion. 

a.  ^Marked  swelling  and  enlargement  of  endothelial  cell  with  ingestion 
bacilli,  which  have  become  short  and  stumpy. 

h.  Free  bacilli,  remaining  long. 

c.  Leucocytes  containing  bacilli. 

Fig.  14.  Section  of  liver  of  rabbit  killed  15  minutes  after  intravenc  s 
inoculation  with  0.5  cc.  of  48-hour  culture  of  B.  coli;  carbolic  thionm; 
Zeiss  camera  lucida;  jsth  oil  immersion  lens. 

a.  Bacillus  free  in  capillary. 

h.  Endothelial  cell,  much  swollen  and  containing  several  bacilli,  brth 
stumpy  and  tending  to  assume  diplococcoid  form. 

Plate  XX. 

Fig.  15.  Section  of  liver  of  rabbit  killed  4  hours  after  intravenous  inocu¬ 
lation  with  0.5  cc.  of  48-hoiir  culture  of  B.  coli;  carbolic  thionin;  Zeiss 
camera  lucida;  ,',ith  immersion  lens. 

Abundant  veiy  miinite  diplococcoid  forms  in  liver  cells,  part  of  which 
only  are  shown. 
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THE  RELATIOK^  OF  DEXTROSE  TO  THE  PRODUCTIOX  OF 
TOXIX  IX  BOUILLOX  CIHTURES  OF  THE 
DIPHTHERIA  BACILLUS. 


By  THEOBALD  SMITH.  ^1.  D. 

{Fmm  the  Pathological  Lahomtorg  of  the  Massachusetts  ^tate  Board  of  Health.) 

The  piihlication  of  certain  investigations  by  Spronek  and  van  Fnren- 
hont  * * * §  in  1895  concerning  the  inhibitory  action  of  muscle  sugar  upon 
the  production  or  accumulation  of  toxin  in  peptone  bouillon  cultures 
of  the  diphtheria  bacillus  was  the  starting  point  of  a  series  of  investi¬ 
gations  into  this  practically  very  important  subject.  Before  the  publi¬ 
cation  of  this  paper  I  had  pursued  a  similar  line  of  observations.  The 
method  employed  was  to  test  the  amount  of  muscle  sugar  present  in 
beef  bouillon  in  the  fermentation  tube  and  compare  it  with  the  relative 
toxin  production.  It  was  found  that  the  least  amount  of  sugar  was 
associated  with  the  largest  accumulation  of  toxin.  Owing  to  the 
scarcity  of  beef  containing  but  traces  of  sugar  the  work  progressed 
slowly  and  did  not  appear  until  1896. f  In  the  meantime  Park  and 
IVilliams  had  found  that  so  far  as  the  beef  used  by  them  was  con¬ 
cerned,  the  inhibitory  action  of  the  muscle  sugar  coiild  be  neutralized 
by  making  the  bouillon  sufficiently  alkaline.  C’obbett  §  in  a  later 
paper  confirms  the  relations  between  muscle  sugar  and  toxin  produc¬ 
tion.  Blumenthalll  reports  \ipon  the  use  of  large  quantities  of  sugar 
(grape  and  milk  sugar)  in  cultures  of  the  diphtheria  bacillus.  His 
results  are  wholly  unintelligible  to  me.  Among  other  things  he  states 
that  lactose  is  acted  upon  by  diphtheria  bacilli,  Avhereas  I  find  that  the 
addition  of  lactose  does  not  intluence  the  endture  whatever.  He  also 

*Annal.  dc  VInst.  Pasteur,  1895,  ix,  p.  758. 

t  Trans.  Assoc.  American  Physicians,  1896,  xi,  p.  37. 

t  Journal  of  Experimental  Medicine,  1896,  i,  jj.  164. 

§  Annul,  dc  I’lnst.  Pasteur,  1897,  xi,  p.  251. 
j|  Deutsche  ined.  Woehensehr.,  1897,  p.  382. 
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states  that  sugar  bouillon  inoculated  with  diphtheria  bacilli  becoinea 
“  xerj  frequently  ”  acid.  This  depends  upon  the  bouillon,  whether 
free  from  muscle  si;gar  or  not,  and  the  kinds  of  sugar  added.  The 
chemical  changes  under  like  conditions  are  absolutely  constant. 
Blumenthal  goes  so  far  as  to  vindicate  a  therapeutic  action  for  sugar 
because  of  its  supposed  inhibitory  action  on  toxin  production,  a  very 
premature  inference,  as  this  paper  will  show. 

Madsen  *  in  an  otherwise  interesting  paper  presents  nothing  new 
concerning  the  factors  favoring  or  opposing  toxin  production. 

^lore  recently  Martin  and  Spronck  have  published  methods  by 
which  they  claim  to  have  prodrrced  unusually  toxic  culture  fluids, 
^lartinf  prepares  his  peptones  by  the  self-digestion  of  the  stomachs  of 
swine.  The  resulting  fluid  is  added  to  an  equal  quantity  of  fermented 
bouillon.  The  mixture  is  heated  to  70°  C.  and  then  passed  through 
a  Pasteur  filter.  If  Martin’s  method  shoidd  prove  to  yield  all  that 
is  claimed  for  it,  it  would  be  superior  to  any  now  in  use.  A  recent 
careful  trial  has  convinced  me  that  it  is  liable  to  fail  in  producing  the 
iooked-for  result.  I  obtained  from  bouillon  prepared  in  this  way  a 
filtrate  having  from  4  to  ^  the  toxic  power  of  the  filtrate  obtained  ac¬ 
cording  to  the  method  given  below.  The  fermentation  tube  reveal (h1 
the  presence  of  a  considerable  amount  of  sixgar.  Whether  this  was 
the  cause  of  the  failure  I  am  not  prepared  to  state.  That  the  method 
may  under  certain  circumstances  accomplish  all  that  is  claimed  for  it 
I  will  not  gainsay,  but  it  does  not  appear  to  act  uniformly  and  the 
results  cannot  be  predicted  as  with  the  method  to  be  described. 
Spronck’s :};  new  method  utilizes,  in  place  of  beef  juice,  the  boiled  and 
filtered  extract  of  the  yeast  of  commerce  to  which  he  adds  salt  and  2 
per  cent  peptone.  This  fluid  yields  a  toxin  20  times  stronger  than 
does  the  bouillon  from  decomposed  beef,  the  minimum  fatal  dose  for 
a  oOO-gramme  guinea-pig  being  now  .005  cc. 

The  process  which  I  wish  to  describe  is  a  slow  evolution  of  the  past 
three  years.  Owing  to  the  necessity  of  keeping  on  hand  large  quanti¬ 
ties  of  diphtheria  toxin  for  practical  purposes,  the  investigations  could 

*  Zeltschr.  f.  Hygiene  u,  Infectionekranliheifru,  1897,  xxvi,  p.  157. 
t  Annul.  (1e  Vln.'^t.  Pastenr,  1898,  xii,  p.  29. 

$  Annales  de  Vlntit.  Pasteur,  1898,  xii,  p.  700. 
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not  be  pushed  rapidly  and  I  contented  myself  with  gradually  intro- 
dTieing  modifications  and  carefully  noting  results.  The  process  can¬ 
not  be  considered  essentially  ncAV  excepting  in  so  far  as  the  minor  de¬ 
tails  here  added  are  absolutely  necessary  to  its  success.  In  the  course 
of  the  work  it  was  found,  contrary  to  all  the  views  hitherto  expressed, 
that  dextrose  is  not  in  itself  inimical  to  toxin  production^  that  a  cer¬ 
tain  quantity  is  in  fact  essential  to  an  abundant  accumulation  of 
toxin.  It  was  found  that  the  muscle  sugar  naturally  present  in  beef 
and  the  ordinary  chemically  pure  dextrose,  added  after  the  former 
had  been  removed  by  fermentation,  act  in  a  quite  different  manner 
and  that  we  must  assume  either  that  the  muscle  sugar  undergoes  a 
decomposition  under  the  influence  of  the  diphtheria  bacillus  different 
from  that  which  ordinary  dextrose  undergoes,  or  else  that  there  are 
other  still  unknoAvn  inhibitory  substances  in  the  beef  which  are  re¬ 
moved  with  the  muscle  sugar  during  the  preliminary  fermentation. 
Leaving  a  discussion  of  the  experiment's  which  demonstrated  this  pecu¬ 
liar  behavior  of  unfermented  bouillon  aside  for  the  present  I  will  give 
a  description  of  the  process  as  at  present  in  use. 

PKEPARATION  OF  PEPTOXE  BOUILLOX  FOR  TOXIN  PRODUCTION. 

It  should  be  stated  at  the  outset  that  now  and  then  bouillon  contain¬ 
ing  a  little  muscle  sugar  vfill  yield  a  toxin  as  strong  as  bouillon  spe¬ 
cially  prepared.  This  outcome  cannot  be  predicted  however.  Fol¬ 
lowing  the  suggestions  of  Park  and  Williams  that  the  difficulty  can 
be  overcome  by  the  increased  alkalinity  of  the  bouillon  I  have  re¬ 
turned  again  and  again  to  unfermented  bouillon  without  obtaining  so 
good  results  as  with  the  neAV  method.  Until  the  beef  used  in  differ¬ 
ent  localities  has  been  compared,  these  discrepancies  cannot  be  ex¬ 
plained  satisfactorily. 

1.  The  beef  infusion  is  prepared  in  the  usual  way  and  kept  in  the  cold 
for  12  to  24  hours.  The  beef  juice  is  then  expressed,  and  its  reaction, 
which  will  in  general  be  found  to  vary  from  3  to  4  per  cent  acidity,* 
must  be  reduced  to  1.5  to  2  per  cent  by  the  addition  of  normal  sodium 
carbonate  solution.  The  fluid  is  then  heated  to  40°  C.,  inoculated  with 


*  See  below  for  a  definition  of  these  terms. 
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30-50  cc.  of  a  12-  to  21;-hoiu'  bouillon  culture  of  B.  coli  and  placed  in 
the  incubator  for  16  hours  or  over  night.  Next  morning  the  acidity  will 
have  risen  again  to  3-3.5  per  cent  and  a  scum  may  have  formed  on  the 
surface.  The  odor  A’aries  and  may  he  distinctly  sour  or  slightly  putre¬ 
factive. 

2.  The  fermented  infusion  is  next  mixed  with  the  white  of  egg  in  the 
proportion  of  one  egg  to  a  litre  of  infusion,  and  boiled  in  a  water-bath 
or  an  Arnold  sterilizer  for  45  to  60  minutes. 

3.  The  boiled  infusion,  previously  cooled  off  to  favor  any  precipitation, 
is  filtered  and  then  receives  2  per  cent  Witte  peptone,  0.5  per  cent  com¬ 
mon  salt,  and  after  these  have  been  dissolved  by  gentle  heat,  enough 
normal  sodium  carbonate  solution  to  bring  the  acidity  down  to  about 
0.8  per  cent.  The  fluid  is  l)oiled  or  steamed  again  for  20  or  30  minutes 
and  then  filtered.  The  reaction  may  become  slightly  more  acid  than 
the  calculation  allows  but  no  furtlicr  addition  of  alkali  is  necessary. 

4.  The  filtered  fluid  is  distributed  into  Fernbach  flasks  in  shallow  lay¬ 
ers  2.5  ctm.  deep  and  autoclaved  (at  110°  to  115°  C.  for  about  30  min¬ 
utes).*  Each  flask  should  have  2  or  3  cotton-plugged  openings  to  facili¬ 
tate  ventilation. 

5.  Before  inoculation  with  the  diphtheria  bacillus  5  cc.  of  a  sterile 
20  per  cent  solution  of  de.xtrose  or  about  0.1  per  cent  (autoclaved  and 
kept  on  hand  in  small  tubes)  is  added  per  litre. f 

6.  The  culture  employed  should  form  membranes  promptly  and  leave 
the  fluid  clear.  This  property  can  be  induced  in  freshly  isolated  cul¬ 
tures  by  5  to  10  transfers  in  bouillon  of  the  kind  here  described.  These 
can  be  made  in  large  test  tubes  kept  in  an  inclined  position  to  increase 
the  surface  area. 

7.  The  culture  fluid  becomes  distinctly  alkaline  to  phenolphthalein 
in  from  6  to  8  days  and  may  then  l)e  regarded  at  its  maximum  toxicity. 

Before  proceeding  to  a  discussion  of  the  more  essential  points — the 
relation  of  dextrose  and  peptone  to  the  accumulation  of  toxin — a  brief 
explanation  of  the  minor  details  of  this  method  will  be  in  order. 

*  The  necessity  for  autoclave  sterilization  was  iiointed  out  by  me  in 
Journal  of  Experimental  Medicine,  1898,  iii,  ii.  047. 

t  Several  trials  have  shown  that  the  efficiency  of  the  bouillon  is  not 
iiniiairecl  by  adding-  the  dextrose  before  the  final  autoclaving.  This  would 
materially  simplify  the  work  and  reduce  the  chances  of  contamination.  The 
amount  of  sugar  has  been  increased  by  me  to  .15  and  even  to  .2  per  cent 
without  interfering  with  rapid  alkali  iiroduction.  In  some  instances 
the  toxin  was  markedly  increased,  in  no  instance  reduced  in  amouivt.  For 
different  bacilli  the  most  favorable  quantity  should  be  determined  by  trials. 
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The  process  of  preparing  dextrose-free  bouillon  was  first  described  by 
me  in  1897.*  Subsequently  Martinf  used  the  same  process  biit  sub¬ 
stituted  yeast,  or  left  the  fermentation  to  be  accomplished  by  the  miscel¬ 
laneous  bacteria  already  in  the  infusion. J  The  first  method  suggested 
by  Spronck  I  found  inadequate.  The  bouillon  prepared  from  the 
old  beef  frequently  contained  large  quantities  of  fermentable  substance 
and  was  never  entirely  free  from  it.  The  process  here  suggested  pro- 
diices  a  bouillon  which  permits  no  growth  whatever  in  the  closed  branch 
of  the  fermentation  tube.  It  is  in  fact  almost  wholly  free  from  reducing 
substances.  While  the  ordinary  bouillon,  even  when  gas  is  not  produced 
in  it,  still  contains  enough  reducible  substances  to  decolorize  methylene- 
blue  in  the  fermentation  tube  over  night,  the  bouillon  thus  prepared 
does  so  only  after  3  or  4  days  in  the  incubator.§  In  order  to  obtain  this 
result,  however,  it  is  necessary  to  reduce  the  initial  acidity  of  the  raw 
infusion  as  directed,  otherwise  the  additional  acid  formed  during  the 
fermentation  may  become  inhibitory.  It  is  also  necessary  to  warm  tbe 
infusion  if  large  quantities  are  prepared,  otherwise  3  or  4  hours  will  be 
lost  and  tbe  infusion  may  still  contain  acid-forming  substances  next 
morning.  The  fermented  infusion  even  after'  prolonged  boiling  forms 
sucb  a  loose  clot  that  the  filtration  may  become  exceedingly  tedious. 
To  obviate  this,  egg-albumen  should  be  added.  Careful  tests  showed 
that  the  dextrose  added  in  the  egg-albumen  cannot  be  recognized  in  tbe 
finished  bouillon  and  is  therefore  a  negligible  quantity.  The  other  parts 
of  the  ])rocess  need  no  special  explanation.  The  initial  acidity  recom¬ 
mended  has  been  found  the  best  level  from  which  to  start.  The  reason 
for  the  final  addition  of  about  0.1  per  cent  dextrose  will  be  given  farther 
on. 

With  this  method  in  use  there  has  been  no  noticeable  fluctuation  in 
the  toxic  strength  of  the  culture  fluid  after  G  to  8  days’  inciibation. 
The  end  reactions  are  ‘in  all  cases  absolutely  the  same  excepting  in 
flasks  accidentally  contaminated.  In  fact  the  production  of  toxin  has 

•*  Journal  of  Experimental  Medicine,  1897,  ii,  p.  543,  and  24th  Annual  Report 
of  the  State  Hoard  of  Health  of  Mass,  (a  eoniparative  study  of  the  toxin, 
production  of  diphtheria  bacilli)  issued  October,  1897. 

t  Loc.  cit. 

It  inipht  be  supposed  that  the  fermentation  would  lead  to  the  pro¬ 
duction  of  various  toxins.  Repeated  injection  of  5  cc.  of  the  tinished  iiro- 
duct  into  the  peritoneal  cavity  of  guinea-pigs  had  no  effect  whatever. 

S  Th.  Smith,  Reduktionserscheiiuingeu  bei  Hakterien,  etc.,  Centralbl.  f. 
liakt.,  189(),  xix,  p.  181. 
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been  brought  to  the  level  of  a  chemical  process.  Fonnerly,  the  pep¬ 
tone  was  frequently  suspected  of  being  at  fault,  but  the  uniform  re¬ 
sults  now  obtained  indicate  that  this  suspicion  was  unfounded.  The 
culture  employed  in  these  investigations,  with  the  exception  of  certain 
final  tests  to  be  described  farther  on,  is  the  one  used  by  Park  and  Wil¬ 
liams  in  their  investigations  and  denominated  by  them  ISTo.  8.”  The 
efliciency  of  the  method  is  most  convincingly  shown  by  a  record  of  the 
toxic  strength  of  the  culture  filtrate.  Park  and  Williams  in  their 
article  state  that  .005  ec.  of  their  strongest  toxin  proved  fatal  to  a  500- 
gramme  giiinea-pig  in  3  days.  Martin  states  that  the  m.  f.  d.*  for  a 
500-gramme  guinea-pig  of  the  strongest  toxin  he  obtained  with  the 
same  bacillus  was  .002  cc.  In  another  place  he  mentions  the  dose  of 
.005  cc.  for  a  500-gramme  pig.  The  following  consecutive  record  of 
diphtheria  toxins  prepared  according  to  the  procedure  described  shows 
the  unvarying  results  obtainable.  The  test  was  made  in  all  cases  from 
mixtures  of  about  4  litres  each  of  filtered  culture  fluid,  either  imme¬ 
diately  after  flltration  or  some  months  later: 


Lot 

1. 

.01  cc. 

fatal  to 

318-g 
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28 

hours. 
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1 
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it 

“ 
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± 

.0025 
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00 
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± 

1 

.0023 

2.50 

“ 

tt 

.5^-  days. 

“ 
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“ 

it 

36 
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± 

4. 

“ 

ii 
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(t 

tt 

30 

tt 

+ 

U 
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.005 
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1 1 
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tt 
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.01 
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tt 
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.005 

4  ( 
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1 1 

48 

tt 
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.005 
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tt 

± 
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.01 

it 

300 

O 

tt 

tt 

tt 

± 

n 

.005 

it 

378 

“ 

tt 

54 

tt 

9. 

.005  cc. 

u 

371 

it 
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30 
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*  Abbreviation  for  minimum  fatal  dose. 
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Lot  1.0 

.01  cc. 

fatal  to  405-gramine 

pig  in 

57  Lours. 

“  11. 

“  300  “ 

“ 

days. 

a 

“ 

“  250  “ 

“ 

36  hours  ± 

j 

“  378  “ 

30  “  ± 

“  18. 

“  383  “ 

“ 

11  11  ± 

“  14. 

i 

“  365  “ 

“  365  “ 

.54  “  ± 

m  “  ± 

“  15, 

“  442  “ 

60  “  ± 

In  Lots  1  and  2  the  2  per  cent  peptone  was  added  from  a  sterile  solu¬ 
tion  just  before  inoculation.  In  lot  13  there  was  still  some  muscle  sugar. 
In  lot  11  the  dextrose  was  added  before  the  final  autoclaving. 

In  estimating  the  absolute  toxicity  of  culture  filtrates  the  relative 
susceptibility  of  the  guinea-pigs  used  must  be  taken  into  consideration. 
Animals  from  some  sources  seem  to  be  much  more  susceptible  to  diph¬ 
theria  toxin  than  those  from  others.  For  several  years  the  writer  had 
been  experimenting  only  upon  guinea-pigs  reared  under  his  super¬ 
vision.  During  this  time  all  animals  used  exhibited  a  remarkably  uni¬ 
form  susceptibility.  Latterly  guinea-pigs  purchased  from  a  dealer 
had  to  be  used  and  it  was  soon  evident  that  for  them  the  in.  f.  d.  was 
about  ^  to  f  of  that  to  which  the  home-bred  pigs  succumbed.  Similar 
differences  W’^ere  noticed  when  toxin-antitoxin  mixtures  in  which  there 
was  a  slight  excess  of  toxin  -were  injected.  Many  of  the  animals  used 
by  the  writer  for  breeding  purposes  had  passed  through  a  single  inocu¬ 
lation  with  toxin  or  toxin  plus  antitoxin  at  least  3  or  4  months  pre¬ 
viously.  Decently  Behring  *  states  that  he  uses  such  guinea-pigs  in 
the  same  way  but  has  not  noticed  any  increased  resistance  in  the  pro¬ 
geny.  He  states  furthermore  that  Ehrlich  obtained  from  a  breeder 
a  race  of  diphtheria-immune  guinea-pigs  and  that  in  England  these 
animals  present  a  considerable  degi’ee  of  resistance  to  diphtheria  toxin. 
The  more  susceptible  animals  used  by  the  Avriter  were  as  a  rule  thin 
and  had  a  thin  skin,  while  those  raised  for  the  laboratory  had  a  thicker 
skill  and  ivere  in  excellent  condition.  This  possible  variation  in  the 
resistance  to  the  diphtheria  toxin  must  first  be  taken  into  account  be¬ 
fore  we  can  positively  decide  which  method  may  give  the  strongest 


*  Deutsche  incd.  Wochenscln'.,  ISiOS.  p.  G21. 
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toxin.  However,  witli  the  figures  quoted  above  and  those  to  follow  as 
a  basis  there  seems  little  to  choose  between  ^Fartin’s  complicated  and 
not  certain  method  and  the  simple  one  I  have  described. 

THE  EELATIOX  OF  DEXTROSE  TO  THE  REACTION  CURVE  OF  PEPTONE 
BOUIIXON  AND  TO  TOXIN  PRODUCTION. 

The  daily  changes  in  the  reaction  of  the  culture  fluid  are  perhaps 
the  best  available  indications  of  the  activity  of  the  bacilli  and  of  the 
toxin  production.  In  order  to  follow  this  change  closely  without  dis¬ 
turbing  the  surface  membrane  which  forms  within  24  hours  the  fol- 
lov.’ing  procedure  was  adopted : 

A  large  Fernbach  flask*  (Figure  1,  reduced  to  ■?,  size)  ivithin  which  a 
litre  of  bouillon  occupies  a  layer  2.5  ctm.  deep,  is  modified  so  as  to  have 
3  cotton-plugged  openings.  Through  one  lateral  opening  a  siphon  (A) 
passes  which  has  joined  by  means  of  rubber  tubing  to  its  lower  free  end 
a  protected  mouth-piece  according  to  Maassen  (B).  The  other  lateral 
opening  may  have  in  it  a  small  funnel  (C)  through  which  alkalies,  acids 
or  other  fluids  may  be  added  without  disturbing  the  larger  ])]ug  or  break¬ 
ing  the  surface  membrane.  The  three  openings  are  also  very  favorable 
to  free  ventilation.  The  flask  after  inoculation  is  jflaced  on  a  shelf  in 
the  thermostat  so  that  the  longer  arm  of  the  siphon  may  pass  through  a 
hole  in  the  shelf.  From  day  to  day  or  oftener  if  desired  fluid  may  be 
removed  for  various  tests  without  disturbing  the  flask  or  imperiling  the 
purity  of  the  contents.  Care  should  be  taken  to  reject  the  fluid  in  the 
siphon  as  it  has  been  under  anaerobic  conditions  since  the  former  ivitli- 
drawal  of  fluid.  The  samples  thus  obtained  were  titrated  with  phenol- 
phthalein  as  an  indicator  according  to  the  method  suggested  by  Fullerf 
and  the  values  obtained  are  expressed  throughout  this  article  in  ])er 
cent  of  a  normal  solution  of  acid  or  alkali.  The  sign  minus  ( — )  when¬ 
ever  used  signifies  acid,  the  sign  ])lus  (-|-)  alkaline  reaction  toward  phe- 
noli)hthalein.| 

*  ^Nfade  for  the  writer  by  tVhitall,  Tatum  &  Co.,  N.  Y. 

t  Procedures  recommended  for  the  study  of  bacteria,  Concord,  N.  H., 
1898,  p.  19.  See  also  Joitrn.  Amcr.  Piihlic  Health  Assoc.,  1895,  p.  980. 

t  This  use  of  the  sipns  is  contrary  to  tlie  notation  adopted  by  the  com- 
mittee  which  edited  the  “  Procedures,”  etc.,  and  of  which  the  writer  w'as 
a  member,  ^fy  reason  for  the  use  of  -|-  for  alkalinity  is  that  all  aerobic 
bacteria,  both  obligatory  and  facultative,  tend  normally  towards  an  alkaline 
reaction.  The  tendency  towards  an  acid  I'caction  is  in  a  sense  abnormal 
and,  if  continued,  destroys  the  organisms  producing  it.  This  notation  was 
ado])ted  after  careful  deliberation  as  being  more  logical. 
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The  presence  or  absence  of  sugar  in  the  finished  bouillon  was  deter¬ 
mined  with  the  aid  of  the  fermentation  tube  and  B.  coli.  The  rise  in 
acidity  of  the  fluid  in  the  closed  branch,  whether  gas  appears  or  not,  is 
an  indication  of  the  presence  of  dextrose  or  allied  substances  (excluding 
glycogen).  The  amount  of  acid  produced  is  proportional  to  the  amount 


Fernbach  Flask,  modified  by  the  writer.  Figure  reduced  to  %  size. 

of  sugar  present  tip  to  a  certain  limit  varying  for  different  bacteria  and 
probably  never  exceeded  by  the  sugar  in  beef  broth.  A  total  absence  of 
sugar  is  indicated  by  an  absence  of  growth  in  the  closed  branch,  B.  coli 
(as  well  as  other  facultative  anaerobes)  becoming  obligatory  aerobes 
when  sugar  is  absent. 
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As  stated  in  the  introduction,  it  has  been  generally  assumed  that 
tlie  amount  of  acid  formed  by  diphtheria  bacilli  in  presence  of  muscle 
sugar  is  responsible  for  the  feeble  toxin  produetion.  In  the  course  of 
these  studies  I  was  early  convinced  that  these  bacilli  in  their  multipli¬ 
cation  can  without  trouble  produce  and  neutralize  much  larger  quan¬ 
tities  of  acid  derived  from  dextrose,  artificially  added,  than  are  as  a 
rule  formed  in  unfermented  bouillon.  In  order  to  attempt  an  expla¬ 
nation  of  this  paradox,  it  beeame  necessary  to  learn  what  strength  of 
acid  is  injurious  to  the  toxin.  As  a  preliminary  test  dextrose  was 
added  to  a  full-grown  alkaline  culture  to  see  what  effect  the  acids,  pro¬ 
duced  by  the  diphtheria  bacillus  itself,  had  on  its  toxin. 


I.  February  5,  1897.  To  a  10-day  litre  culture  with  reaction  0.2 
(i.  e.  nearly  as  strong  an  alkaline  reaction  as  such  cultures  can  attain) 
of  which  .01  cc.  is  fatal  to  a  SlO-gramme  guinea-pig  in  2^  days,  enough 
sterile  dextrose  solution  is  added  to  make  a  one  per  cent  solution. 

February  7.  A  good  membrane  has  formed  in  place  of  the  former 
one  shaken  down  February  5. 

February  10,  reaction — 4.77. 

“  13,  0.03  cc.  produces  no  longer  any  local  effect. 


17,  0.5  cc.  “  ‘‘  “  “  “  “ 

18,  reaction  as  on  February  10,  no  change. 

“  23,  one  cc.  of  this  culture,  which  had  been  filtered  and 

stored  in  the  cold  carefully  neiitralized  with  NaHO  has  no  effect  on  a 
guinea-pig. 

11.  February  17,  1897.  To  a  22-day  culture  of  another  diphtheria  ba¬ 
cillus  of  which  the  m.  f.  d.  is  now  0.04  cc.  one  per  cent  dextrose  is  added. 

February  18.  llenewed  multiplication. 

“  19.  Complete  membrane. 

“  23.  Ecaction,  — 4.55;  0.5  cc.  has  no  effect  on  a  guinea-pig. 

“  27.  Subculture  remains  sterile.* 


Those  experiments  show  that  with  the  two  c\dtures  tested  the  maxi¬ 
mum  acidity  does  not  exceed  4.5  to  5  per  cent.  5  or  6  days  after  the 
beginning  of  renewed  growth  and  acid  formation  the  toxin  present 
at  the  start  is  completely  destroyed.  Later  the  bacilli  themselves  are 
killed. 

*  Cobbett  (1.  c.)  states  that  diphtheria  bacilli  are  not  killed  by  the  acids 
they  produce,  while  colon  and  other  bacilli  are  so  destroyed 
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It  now  became  necessary  to  determine  the  effect  of  different  de- 
g;i-ees  of  acidity  within  the  maximnm.  This  conld  be  most  expedi¬ 
tiously  done  by  adding  to  the  finished  and  filtered  toxin  certain  acids 
in  known  quantities.  For  this  purpose  lactic  acid  and  chlorhydric  acid 
were  chosen.  The  toxin  employed  contained  about  0.2  per  cent  car¬ 
bolic  acid.  The  acidified  toxin  was  kept  in  partly-filled,  cork-stop¬ 
pered  bottles  in  the  thermostat  to  imitate  as  nearly  as  possible  the 
usual  conditions  of  the  culture. 

I.  M.  f.  d.  of  toxin  about  0.04  cc.  Lactic  acid  added  to  an  acidity  of 
2  per  cent.  After  1,  6  and  13  days  no  appreciable  loss  in  toxicity. 

II.  M.  f.  d.  of  toxin  0.036  cc.  Lactic  acid  added  to  — 4.4  per  cent. 
After  24  hours  .08  cc.  produced  only  local  necrosis.  After  3  days  0.3  cc. 
no  longer  fatal.  After  6  days  1  cc.  produces  only  transitory  oedema. 

III.  The  same  toxin  (m.  f.  d.  =  .036  cc.)  receives  chlorhydric  acid  to 

—  4.47  per  cent.  After  6  days  1  cc.  produced  severe  necrosis  locally. 

IV.  This  and  the  following  test  were  made  a  year  later.  M.  f.  d.  of 
toxin  .032  cc.  Lactic  acid  was  added  to  produce  reactions  of  —  3.5, 

—  4,  —  4.5  and  —  5  per  cent.  Actual  acidity  found  to  be  —  3.66, 

—  4.15,  —  4.65,  —  5.12  per  cent. 

After  5  days  none  of  the  4  acidified  toxins  produced  any  local  lesion 
in  doses  of  0.064  cc.  After  11  days  0.5  cc.  of  lowest  acid  toxin  ( —  3.66 
per  cent)  had  no  effect. 

V.  The  same  toxin  brought  to  an  acidity  of  2.8  and  3.2  per  cent  with 
lactic  acid  was  tested  after  5  and  9  days.  The  m.  f.  d.  of  the  first  toxin 
after  5  days  was  about  .045  cc.,  after  9  days  0.1  cc.  The  second  toxin 
produced  only  a  slight  local  effect  in  a  dose  of  0.06  cc.  after  5  days. 
After  9  days  1  cc.  still  produced  local  necrosis. 

The  m.  f.  d.  of  the  control  toxin  rose  in  5  days  from  .032  cc.  to  .045  cc.; 
in  9  days  to  .06  cc.* 

These  tests  though  incomplete  in  many  respects  indicate  that  an 
acid  reaction  of  2.5  to  3  per  cent  destroys  the  toxin  only  very  slowly, 
wdiile  above  3  per  cent  the  destruction  is  more  rapid.  A  reaction  of 

*  The  destruction  of  toxin  in  cultures  provided  with  protecting  bacillar 
membranes  does  not  proceed  so  rapidly  as  this  in  the  thermostat.  From 
an  earlier  experiment  the  following  tigures  may  be  quoted: 

After  8  days  of  growth  0.02  cc.  fatal  to  a  410  gramme  guinea-pig  in  2  days. 
“  ;M  “  0.02  “  “  435  “  “  3 

“  50  “  0.04  “  “  305  “  “  314  “ 
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—  3.5  per  cent  or  above  is  quite  rapidly  destructive.  The  niaxiunim 
amount  of  acid  produced  by  most  diphtheria  bacilli  (4.-5  to  5  per  cent), 


Fi«.  3. 


which  is  destructive  to  both  toxin  and  bacilli,  is  equivalent  to  .104  to 
.182  per  cent  pure  chlorhydric  acid. 

The  (juantitative  production  of  acids  in  ordinary,  unfcrmented 


CENTUM  (PHENOLPHTHALEIN) 
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bouillon  varies  considerably,  but  it  rarely  rises  above  3  per  cent  if  the 
iuitial  acid  reaction  is  fairly  low  (0.8  to  1  per  cent).  It  is  difficult, 


Fig.  o. 


therefore,  to  harmonize  the  inhibitory  power  of  these  acids,  if  it  really 
e.xists,  Avith  the  figures  quoted  above — that  an  acidity  of  2.5  to  3  per 
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cent  is  only  slowly  destructive.  On  the  other  hand  a  higher  tem¬ 
porary  degree  of  acidity  is  compatible  with  an  abundant  accumulation 
of  toxin  when  the  acids  are  derived  from  dextrose  added.  From 
among  the  many  experiments  made  the  following  are  selected  as  illus¬ 
trating  the  rapid  acid  prodiiction  in  presence  of  both  muscle  sugar 
and  dextrose,  the  rapid  alkali  production  in  presence  of  large  quantities 
of  the  latter,  and  the  marked  difference  in  the  final  accumulation  of 
toxin  in  bouillon  containing  muscle  sugar  and  in  that  containing  only 
ordinary  dextrose: 

June  27,  1897.  1200  cc.  of  peptone  bouillon  containing  still  a  very 

small  quantity  of  muscle  sugar  (about  .02  per  cent)  receives  18  cc.  of  a 
sterile  20  per  cent  solution  of  dextrose,  or  about  0.3  per  cent. 

June  28.  Initial  acidity  1  per  cent.  Inoculated  with  diphtheria  ba¬ 
cilli. 

“  29.  8.30  A.  M.  Membrane  present;  acidity  2.23;  10  cc.  normal 

NaHO  added. 

“  29.  5.30  P.  M.  Acidity  2.16;  10  cc.  NaHO  again  added. 

“  30.  8.30  A.  M.  Acidity  3.23;  10  cc.  NaHO  again  added. 

“  30.  4.30  P.  M.  Acidity  2.22. 

July  1.  9  A.  M.  “  2.16. 

“  1.  5.30  P.  M.  1.62. 

“  2.  9.40  A.  M.  ‘‘  1.46. 

“  3.  9  A.  M.  “  0.38. 

“  4.  9  A.  M.  “  0.00. 

“  6.  3  P.  M.  Alkalinity  0.3.  Culture  pure;  0.04  cc.  fatal  to  a 

300-gramme  guinea-pig  in  36  hours. 

“  14.  0.04  cc.  fatal  to  a  313-grammo  guinea-pig  in  36  hoius.* 

At  this  time  the  best  toxin  obtained  from  this  bacillus,  i.  e.  before 
the  present  method  had  been  perfected  was  about  .015  cc.  for  the 
m.  f.  d.  for  a  300-gramm_e  guinea-pig.  The  above  inoculations  indi¬ 
cate  a  m.  f.  d.  of  .02  cc.  The  curve  of  this  culture  is  platted  as  Cui’ve 
1,  Fig.  2,  in  which  the  dotted  line  indicates  the  rediiction  in  acidity 

*In  this  experiment  the  alkali  was  added  to  prevent  the  acidity  from 
ascending  to  the  inhibitory  and  destructive  limit.  The  experiment  was 
primarily  conceived  to  determine  whether  the  bacterial  metabolism  in  the 
presence  of  large  quantities  of  dextrose  would  be  inimical  to  toxin  pro¬ 
duction. 
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brought  about  by  the  added  alkali.  The  most  favorable  condition 
encountered  with  ordinary  unfermented  bouillon  is  shown  by  Curve 
2,  Fig.  2.  The  amount  of  muscle  sugar  was  about  0.15  per  cent.  The 
reaction  returned  quite  promptly  to  the  neutral  point  and  the  toxicity 
of  the  bouillon  was  about  .02  cc.  But  this  course  is  not  to  be  antici¬ 
pated  and  may  in  fact  be  exceptional.  Curve  3,  Fig.  3,  has  been  a 
more  common  type  with  beef  used  in  this  laboratory.  The  bouillon 
contained  1  per  cent  peptone  and  about  0.15  per  cent  muscle  siigar. 
The  initial  acidity  was  reduced  with  alkali  to  0.8.  After  inocidation 
the  acidity  rose  to  2.45  where  it  remained  for  14  days.  On  the  17th 
day  the  toxicity  was  about  0.09  cc. 

Cun^e  4,  Fig.  3,  represents  the  course  of  a  culture  in  dextrose-free 
bouillon  containing  2  per  cent  peptone  and  about  0.18  per  cent  dex¬ 
trose  added  before  inoculation.  On  the  3d  day  the  acidity  had  risen 
to  3.G.  On  the  5th  day,  when  the  acidity  was  still  1.44,  the  toxicity 
was  0.015  cc.  On  the  10th  daj^  it  was  0.01  cc. 

The  folloAving  parallel  tests  with  bouillon  from  the  same  beef,  one 
lot  fermented  with  B.  coli,  the  other  not,  are  still  more  demonstrative. 

I.  Dextrose-free  bouillon  receives  in  sterile  solutions  1  per  cent  pep¬ 
tone  and  0.6  per  cent  dextrose.  Initial  reaction  —  1.4.  After  7  days, 
reaction  feebly  alkaline  to  phenolphthalein,  m.  f.  d.  about  .008  cc. 

II.  The  unfermented  bouillon  containing  about  0.1  per  cent  muscle 
sugar  receives  1  per  cent  peptone.  The  initial  reaction  is  —  1.4.  After 
inoculation  the  acidity  rises  to  —  2.13  and  remains  there  for  20  days 
(Curve  5,  Fig.  3).  Toxicity  at  this  time  about  0.06  cc.*  It  should  be 
noted  that  the  bouillon  used  contained  only  one  per  cent  peptone. 

From  these  few  illustrations  among  many  it  is  evident  that  the 
amount  of  acid  formed  in  ordinary  peptone  bouillon  is  not  sufficient  to 
account  for  the  marked  interference  with  gTowth,  for  when  dexti’ose 
is  added  to  fermented  bouillon  the  acidity  may  be  much  greater  dur¬ 
ing  the  first  2  days  as  illustrated  by  Curve  6,  Fig.  3.  There  is,  how- 

*  The  inociilations  were  as  follows: 

I.  0.01  cc.  fatal  to  2S9-granime  guinea-pig  in  44  hours. 

IT.  0.05  cc.  produces  local  necrosis  in  a  2S9-grainine  guinea-pig.  .\fter  17 
days  guinea-i)ig  weighs  355  grammes. 
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ever,  a  prompt  production  of  alkali  whicli  makes  tlie  curve  of  these 
cultures  quite  acute  in  outline.  The  cultures  in  unfermented  bouil¬ 
lon  usually  languish  at  a  comparatively  low  degree  of  acidity  and  the 
accumulation  of  toxin  is  correspondingly  light. 

In  searching  for  the  cause  of  this  peculiar  inhibition  of  the  growth 
of  the  diphtheria  bacillus  in  ordinary  bouillon  it  occuiTed  to  me  that 
possibly  the  glycogen  of  the  muscular  tissue  might  he  responsible. 
This  factor  however  was  eliminated  by  a  single  experiment.  The 
presence  of  glycogen  had  no  effect  upon  the  reaction  curve  of  diph¬ 
theria  cultures.  The  cultures  proceeded  as  in  dextrose-free  fermented 
bouillon.  In  other  words,  diphtheria  bacilli  do  not  attack  glycogen 
as  they  do  dextrose. 

Very  many  experiments  have  been  made  during  the  past  two  years 
to  determine  the  influence  of  adding  peptone  and  alkali  before  and 
after  the  first  boiling  of  the  beef  infusion,  also  the  behavior  of  peptone 
added  before  the  final  autoclaving  and  after  it  in  sterile  solution.  It 
was  thought  that  possibly  the  interaction  of  the  different  substances 
in  presence  of  carbohydrates  or  a  slight  excess  of  either  acid  or  alkali 
might  produce  modifications  of  the  peptones  or  other  substances  suffi¬ 
cient  to  influence  the  production  of  toxins  favorably  or  unf avoidably. 
'Ihese  exi>eriments  were  made  with  the  same  beef  infusion,  each  set 
of  flasks  having  their  contents  modified  in  some  way.  Without  going 
into  detail  concerning  these  tedious  trials,  it  may  be  stated  that  if  a 
boiiillon  gives  rise  to  much  toxiu  when  prepared  according  to  one 
method,  it  will  yield  equally  goods  results  whatever  be  the  order  of  neu¬ 
tralizing  or  adding  the  various  ingredients.  With  reference  to  the 
addition  of  dextrose  I  may  state  that  it  largely  disappears  when  added 
to  the  raw  infusion.  When  added  to  the  boiled  and  filtered  infusion 
it  is  not  lost. 

liouillon  may  even  remain  markedly  acid  during  the  preparation  with- 
o\it  losing  its  toxin-producing  capacity,  provided  the  acidity  be  properly 
reduced  before  use.  In  one  instance  the  final  acidity  through  some  over- 
siglit  was  left  at  3  ])er  cent.  After  a  reduction  to  O.T  ]ier  cent  Avith  23  cc. 
normal  soda  solution  per  litre  and  the  addition  of  0.12  per  cent  dextrose 
in  sterile  solution  the  fluid  was  inoculated.  After  0  days  the  toxicity 
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was  .007  ce.  The  course  of  the  reaction  is  shown  by  Curve  6,  Fig.  3.  A 
duplicate  flask  yielded  the  same  toxin.* 

The  unusually  good  results  obtained  with  the  dextrose-free  peptone 
bouillon  might  reasonably  raise  the  query  ■whether  the  miscellaneous 
bacteria,  including  B.  coli  in  the  beef  infusion,  may  not  produce  some 
substance  from  which  toxin  is  easily  obtained  by  diphtheria  bacilli.  It 
has  already  been  stated  that  the  infusion  is  considerably  altered  dur¬ 
ing  the  fermentation  since  the  coagulation  formed  by  boiling  fails  to 
cohere  as  in  fresh  infusion  and  renders  filtration  very  difficult.  Bouil¬ 
lon  prepared  in  this  way  -without  peptone  and  tested  parallel  -svith  that 
to  -which  2  per  cent  peptone  had  been  added  produced  barely  1  per 
cent  of  the  toxin  found  in  the  peptonized  fluid,  i.  e.  while  .01  cc.  or 
less  of  the  peptonized  bouillon  proved  fatal  to  guinea-pigs,  1  cc.  of 
the  peptone-free  bouillon  contained  only  a  trace  of  toxin  in  spite  of 
good  gi’owth,  membrane  formation,  and  final  alkalinity.  Nor  does 
such  bouillon  give  rise  to  any  indol  when  indol-producing  bacteria 
have  multiplied  in  it.  We  are,  therefore,  justified  in  concluding  that 
the  fermentation  does  not  yield  any  substance  available  for  toxin  pro¬ 
duction,  but  simply  eliminates  some  inhibiting  substance  from  the 
bouillon  while  the  true  source  of  the  toxin  is  the  peptone  added  to  it. 

OTHER  FACTORS  MODIFYING  TOXIN  PRODUCTION. 

Besides  the  presence  or  absence  of  muscle  sugar  as  a  factor  in  the 
production  of  diphtheria  toxin,  there  are  several  others  which  have  a 

*  In  one  experiment  made  recently  the  fermented  bouillon  was  simply 
left  acid  and  without  dextrose.  The  object  was  to  obtain  thereby  the  same 
amplitude  or  range  of  reaction  otherwise  secured  by  making  the  bouillon 
more  alkaline  and  adding  dextose  which  furnishes  the  acids.  The  result 
was  as  good  as  when  the  latter  method  is  employed.  Thus  a  flask  of  2  per 
cent  peptone  bouillon  with  an  initial  reaction  of  —  2.2  yielded  on  the  9th  day 
an  alkaline  fliiid  whose  m.  f.  d.  was  about  0.004  cc.  (compare  with  Table  I, 
p.  .^91,  with  which  this  test  was  made).  Whether  this  proeedui’e  would 
be  always  successful  and  capable  of  taking  the  place  of  the  alkali  jflus 
dextrose  can  only  be  decided  after  repeated  trials.  Another  modifleation 
of  the  process  consisted  in  the  fermentation  of  the  boiled  and  flltei’ed  broth 
instead  of  the  raw  infusion.  The  peptone  was  added  after  the  bacteria 
(B.  coli  and  others)  had  been  eliminated  by  boiling  and  filtration.  This 
modi  Heat  ion,  tried  but  once,  also  yielded  a  strong  toxin. 
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distinct  influence  and  which,  diftcrently  employed  hy  different  ob¬ 
servers,  prevent  any  very  accurate  comparison  of  published  results. 
Among-  these  the  most  important  are: 

1.  The  amount  of  peptone  used. 

2.  The  manner  in  which  the  stock  cultures  have  been  kept. 

3.  The  oxygen  supply  (character  of  the  culture  flask  and  the  depth 
of  the  layer  of  fluid). 

Other  possible  modifying  influences,  such  as  the  method  of  pre¬ 
paring  and  sterilizing  the  bouillon  and  the  initial  reaction  do  not  in 
my  experience  have  any  marked  influence  so  long  as  the  reaction  at¬ 
tained  by  the  culture  does  not  roach  the  inhibitoi’y  limit  above  —  3.5 
per  cent. 

The  amount  of  peptone. — It  is  a  well-known  fact  that  of  the  pep¬ 
tones  added  to  culture  media  only  a  small  amount  is  utilized  by  bac¬ 
teria.  For  a  number  of  years  the  writer  used  only  ^  per  cent  peptone 
for  culture  media.  The  return  to  one  per  cent  was  simply  to  con¬ 
form  to  current  methods.  In  the  production  of  diphtheria  toxin  2 
per  cent  has  been  used  by  some,  1  per  cent  by  othei-s.  A  number  of 
special  trials  have  been  made  in  combination  with  the  present  method 
of  pi’eparing  the  bouillon,  to  determine  the  relative  efficiency  of  dif¬ 
ferent  amounts  of  peptone. 

The  same  dextrose-free  bouillon,  placed  in  thin  layers,  2-3.5  cm.  deep, 
in  Erlenmeyer  flasks,  receives  («)  0.5,  (h)  1,  and  (c)  1.5  per  cent  peptone. 
The  initial  reaction  is  — 0.87,  — 0.91,  and  — 0.8  respectively.  Each 
flask  receives  0.1  per  cent  dextrose  and  is  then  autoclaved.  On  the  ninth 
day  after  inoculation  the  fluid  is  alkaline  in  all  flasks. 


(a). 

.01  cc. 

fatal  to  240-gramme  guinea-pig 

in  1.]  days 

± ,  m.  f.  d.  .005  cc. 

,00.’)  cc. 

“  2.54  “  “ 

“  3^  “ 

(b). 

.008  cc. 

“  2.35 

“  H  “ 

±  “  .0025  cc. 

.003  cc. 

“  300  “  “ 

“  1?  “ 

(c). 

.00.5  cc. 

“  268  “  “ 

“  1.}  “ 

±  “  .0025  cc. 

.003  cc. 

produces  induration  only. 

Leaving  aside  the  result  of  the  last  test  as  quite  irregular,  we  notice 
the  large  amount  of  toxin  ywoduced  in  bouillon  containing  but  0.5 
per  cent  peptone.  The  difference  between  1  and  1.5  per  cent  peptone 
may  be  regarded  as  trifling.  A  second  experiment  was  made  subse- 
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queiitly  in  Avhieh  not  only  the  peptone  but  also  the  dextrose  and  the 
stock  enltnre  Avere  varied.  The  other  conditions  remained  the  same. 
The  cnltnres,  which  were  derived  from  the  same  original  stock  (Park 
and  AVilliams),  had  the  following  history: 


a.  Grown  in  honillon  for  a  number  of  years. 

(Jrown  on  Ldffler’s  (horse)  serum  for  9  months,  before  that  in 
bouillon. 

y.  Grown  on  serum  for  18  months  before  that  time  in  boiiillon.  /?  and 
Avere  passed  through  tAvo  tubes  of  bouillon  before  use.  The  bouillon 
Avas  fermented. 


TABLE  I. 


-1. 

-1. 
—  .95 
-.95 


0.1  1-1. 


0.1  1-1. 


A  u 


To.xicity  (after  9  days). 


+  .1 

+  .i 
+  .05 
+  .15 

+  .15 


.008  cc.  fatal  to  373-gramine  guinea-pig  in  1|  days  ± 


.008  cc. 
.008  cc. 
.008  cc. 
.008  cc. 
.005  cc. 
.008  cc. 
.008  cc. 


‘  255 

273 
•  284 

‘  284 

‘  301 

‘  280 
‘  280 


^.g 

gg 


31  hours— 
31  “  + 

3J  days 

Ij  .  ± 

n  “ 


.005  cc. 

.007 
.002  + 
.003  - 
.005-* 
.005 
.005 


*Tcst  on  7th  day. 


d'able  I  shoAvs  that  Avith  a  suitably  prepared  bouillon  the  accumu¬ 
lation  of  toxin  in  the  presence  of  1  per  cent  peptone  may  Ix'  nearly, 
if  not  finite  as  great,  as  in  the  presence  of  2  per  cent.  Other  tests  not 
here  described  taken  together  Avith  these  haA'c  convinced  the  Avriter 
that  probably  1.5  per  cent  peptone  is  as  efficient  as  2  per  cent  in  bouil¬ 
lon  ])re]Aar(‘d  as  herein  detaih'd.  The  large  amount  of  dextrose  used 
up  by  this  bacillus  in  presence  of  2  per  cent  peptone  and  the  conse- 
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qiient  increase  in  tlie  toxicity  of  the  culture  fluid  is  well  shown  in  the 
3rd  and  4th  lines  of  the  table. 

The  stock  culture. — The  favorable  influence  of  the  continued 
growth  in  bouillon  is  evident  from  the  preceding  experiment  and  de¬ 
serves  careful  attention.  Bouillon  cultures  of  diphtheria  bacilli  un¬ 
dergo  certain  changes  Avhen,  as  first  suggested  by  Park  and  Williams, 
the  bacilli  are  transferred  at  short  intervals  from  tube  to  tube.  Those 
which  I  have  treated  in  this  way  grow  at  flrst  diffusely  through  the 
bouillon  and  only  a  very  faint  pellicle  appears  on  the  surface  after 
some  days.  If  the  cultivation  be  continued,  the  membrane  becomes 
heavier  and  the  tendency  to  a  diffuse  clouding  becomes  more  or  less 
checked.  If  such  cidture  be  shaken  up  after  a  growth  of  4  or  more 
days  and  compared  Avith  one  inoculated  directly  from  serum,  it  will 
be  found  full  of  flakes  and  of  a  decidedly  yelloAvish  tinge  as  compared 
Avith  the  uniformly  turbid  original.  The  color  approaches  that  of  the 
bouillon  because  the  flakes  disperse  the  light  less  than  the  fine  poAvdery 
suspension  in  the  original  culture.  A  tendency  to  cohere  is  developed 
in  the  bouillon,  AA’hich  tendency  favors  surface  groAvth.  This  condi¬ 
tion  is  favorable  to  toxin  production,  especially  in  bouillon  made  from 
unfermented  beef.  In  fermented  bouillon  the  difference  is  less 
marked.  The  great  advantage  of  the  latter  bouillon  appears  AA’hen 
cultures  are  made  of  bacilli  groAA’u  on  JJjffler  serum  and  those  freshly 
isolated  from  the  throat  Avhose  capacity  to  groAV  on  the  surface  is  re¬ 
stricted.  This  is  the  only  explanation  that  can  be  found  at  present 
for  the  many  failures  to  obtain  strong  toxin  some  years  ago  Avdien 
the  AA'ork  of  preparing  antitoxin  Avas  started  AA'ith  ordinary  bouillon. 
IMartin  obtained  strong  toxin  Avith  his  neAV  method  from  fresh  cul¬ 
tures.  The  tAvo  additional  cultures  I  have  tested  shoAv  equally  satis¬ 
factory  results.  Both  Avere  isolated  in  1896.  One  of  them,  l^o.  14, 
of  a  series  of  42  cultures  *  Avas  the  best  toxin  producer  of  the  series 
at  that  time  Avhen  Spronck’s  method  of  using  old  beef  Avas  still  used. 
Early  in  1897  the  m.  f.  d.  of  a  one  per  cent  peptone-l)ouillon  culture 
for  a  300-gTamme  guinea-pig  AA^as  0.030  to  0.04  ec.  In  February, 
1898,  the  test  of  a  fresh  culture  yielded  a  m.  f.  d.  of  0.036  cc.  In 

*  Ticoitii-fourth  Aim.  Rep.  Mass.  Htute  Board  of  Health,  p.  543. 
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June  another  culture  yielded  a  m.  f.  d.  of  0.03  cc.  From  that  time 
until  October  this  bacillus  was  passed  through  bouillon  every  4  days 
to  improve  the  growth  in  membrane  which  had  always  been  rather 
feeble.  The  toxin  then  produced  in  a  bouillon  containing  2  per  cent 
peptone,  filtered  and  stored  but  not  tested  until  4  months  later,  had 
the  surprisingly  low  fatal  dose  of  about  0.007  cc.  The  culture  was 
then  returned  to  Loffler’s  senim  until  !March,  1899,  when,  after  a  pas¬ 
sage  through  3  tubes  of  bouillon  it  yielded  a  m.  f.  d.  of  0.012  cc. 

The  second  bacillus,  Xo.  12  of  the  same  series,  yielded  in  1896  and 
1897  with  Spronck’s  method  a  m.  f.  d.  of  0.04  cc.  to  0.45  cc.  It  has 
been  gi*own  continuously  on  LdfileFs  (horse)  serum.  In  March, 
1899,  after  a  passage  through  4  tubes  of  bouillon  its  toxicity  was  tested 
together  with  bacillus  Xo.  14.  It  yielded  a  toxin  having  a  m.  f.  d. 
of  .02  cc.  for  a  260-gramme  guinea-pig.  More  recently  this  figure 
was  brought  down  to  .015  cc.  as  shown  in  Table  II  below. 

The  influence  of  continuous  cultivation  in  a  favorable  bouillon  is 
illustrated  in  some  recent  tests  with  bacillus  Xo.  14.  Three  cultures 
were  used  in  the  comparative  test: 

a.  Cirown  as  described  above  (about  4  months  on  bouillon,  then  about 
6  months  on  serum,  then  for  about  15  days  on  bouillon). 

&.  Grown  for  about  15  days  on  bouillon,  before  that  on  serum. 

c.  Grown  for  about  24  hours  on  bouillon,  before  that  on  serum. 

The  three  cultures  were  then  inoculated  into  fermented  bouillon  con¬ 
taining  2  per  cent  peptone  and  0.1  per  cent  dextrose  and  the  fluid  tested 
after  10  days’  growth; 

a.  0.03  cc.  fatal  to  3.5.5-gramme  guinea-pig  in  1|  daj-s — m.  f.  cl.  .013. 

b.  0.03  cc.  “  36.3  “  “  “  3i  “  “  “  .03. 

c.  0.03  cc.  “  367  “  “  “  3|  “  “  “  .018. 

The  influence  of  the  prolonged  culture  in  bouillon  had  not  been 
wiped  out  by  the  succeeding  cultivation  on  serum  in  (a),  for  it  pro¬ 
duced  a  toxin  about  50  per  cent  stronger  than  the  bacillus  grown  on 
senim  alone. 

The  marked  increase  in  the  toxicity  of  the  bouillon  cultures  of  these 
two  bacilli  (Xo.  12.and  Xo.  14)  since  their  isolation  in  1896,  is 
attributable  in  part  to  a  doubling  of  the  quantity  of  peptone,  in  part 
to  the  acquired  power  of  surface  growth,  and  in  part  to  the  thorough 
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reiaoval  of  the  mascle  sugar  and  the  addition  of  dextrose.  The  last 
factor  evidently  puts  the  bouillon  into  the  most  favorable  condition 
for  toxin  production  while  the  others  aid  in  hastening  it.  This  is  of 
no  small  importance  when  we  consider  that  in  the  thermostat  there 
appears  to  be  a  continuous  destruction  of  toxin  going  on  side  by  side 
with  its  production.  By  intensifying  and,  therefore,  shortening  the 
life  of  the  culture,  the  flasks  can  be  removed  after  C  to  10  days,  accord¬ 
ing  to  the  bacillus  used,  aud  much  toxin  thereby  saved  from  destruc¬ 
tion. 

In  Table  II  a  final  illustration  of  the  relative  influence  of  these 
several  factors  is  given. 

Tlie  culture  used  is  No.  12,  wliich  liad  never  been  grown  in  bouillon, 
and  which  was,  therefore,  better  ada])ted  for  this  experiment  than  the 
culture  of  Park  and  Williams,  whose  membrane-forming  power  had  been 
developed  by  them  some  years  ago.  The  letter  a  stands  for  the  continuous 
cultivation  in  bouillon  through  17  transfers  at  intervals  of  4  or  5  days, 
for  the  same  bacillus  grown  on  Lotflers  serum  since  its  isolation  until  24 
liours  before  use  when  a  bouillon  culture  was  prepared.  The  boiiillon 
used  was  deprived  of  its  muscle-sugar  by  fermentatiou  and  some  dex¬ 
trose  was  added.  The  cultures  were  iu  Erlenmeyer  flasks  as  for  the 
exi)eriment  in  Table  I.  In  the  a  flasks  after  inoculation  the  membranes 
formed  ])rom])tly  and  became  heavy.  The  fluid  remained  clear.  In  the 
fi  flasks,  on  the  other  hand,  the  membranes  were  (piite  feeble  and  the 
bouillon  well  clouded  throughout. 

As  a  result,  alkali  production  was  much  more  rapid  in  the  mem¬ 
brane-forming  cultures  than  iu  the  others,  since  it  took  the  latter  15 
days  to  reach  the  point  probably  attained  by  the  former  in  (5  or  7  days. 
Nevertheless  the  accumulation  of  toxin  did  not  go  parallel  to  alkali 
production  in  the  flasks  containing  one  ])er  cent  peptone,  for  tlu‘ 
toxicity  was  the  same  for  the  alkaline  and  the  still  acid  culture  on  the 
9th  day.  The  relatively  large  amount  of  toxin  in  the  4th  flask  was 
probably  due  to  the  fact  that  on  the  7th  day  a  fairly  good  membrane 
had  formed.  After  the  9th  day  a  better  membrane  a])])eared  on  the 
3(1  flask  and  that  on  the  4th  ])artly  subsich’d.  •  As  a  result,  the  4th 
flask  lost  while  the  .‘Id  gained  iu  toxin  as  shown  by  the  second  test 
made  on  the  15th  dav.  'I'he  uiu'ertain  vield  of  bacilli  without  de- 
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cicled  memhrane-foniiing'  capacity  as  well  as  the  disadvantages  of 
prolonged  stay  in  the  thermostat  are  here  unexpectedly  demonstrated. 

TABLE  II. 


Culture  used. 

Peptone  in  per  cent. 

De.xtrose  in  per  cent 

Initial  reaction. 

Heaction 
(after  9  days). 

Keaction 
(after  15  days). 

■ 

■ 

Bacillus  No.  12. 

(Toxicity  after  9  days,  with  *  after  15  days.) 

f-f 

S  2 

•3?  . 

ili 

X  S 

^  be 

1  ; 

a  2  ;.ll 

—  ,  75  +  .  5 

— 

.02cc.  fatal  to  lll-irramme  guinea-pig;  in  3)^  daj’s 

.015  cc. 

nil  .11 

+ 

00 

1* 

_ 

.  35  cc.  nearly  fatal  to  38S5-grainme  guinea-pig. 

1 

Large  slough . 

.035 

1  . 

1  ■ 

(  .05cc.  fatal  to  20S-irramme  jjuinea-pig  in  634  daj's 

.05 

-.75  -  .65 

+  .1 

1 

^  .03cc.  produces  moderate  necrosis  only . 

t 

1 

l^*.04cc.  fatal  to  378-gramme  guinea-pig  in  5  days 

.04 

i 

(  .OScc.  “  353  “  “  4y,  “ 

.035 

/111  -11 

-.8  1-.7 

+  .1 

\ 

; 

(«'.04cc.  “  267  “  “  234“ 

.036 

It  must  not  he  inferred  from  these  experiments  that  the  membrane- 
forming  hacillns  is  capable  of  overcoming  the  obstacles  inherent  in 
nnfermented  bouillon.  The  most  favorable  conditions  under  which 
the  bacillus  of  Park  and  AVilliams,  grown  continuously  in  bouillon, 
may  multiply  in  unfermented  bouillon  do  not  bring  the  toxicity  up 
to  the  concentration  obtainable  in  fermented  bouillon  to  which  dex¬ 
trose  has  been  added.  This  is  clearly  shown  by  the  following  tests  of 
5  different  lots  of  unfermented  bouillon  recently  made  under  the  same 
conditions  as  those  governing  the  experiment  in  Table  I.  The  acid 
reaction  was  in  all  cases  reduced  by  adding  normal  Xa^POs.  The 
flasks  were  inoculated  with  the  culture  kept  growing  in  bouillon  only. 
The  column  headed  “  Tlusch'-sugar  tesf  ”  indicates  the  acidity  of  the 
closed  branch  of  the  fermentation-tube  culture  of  B.  coJi  over  and 
above  the  acidity  of  the  sterile  bouillon.  Allowing  an  increase  of 
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acidity  of  1  per  cent  for  0.1  per  cent  of  sugar*  it  will  be  seen  tliat 
the  amount  is  between  0.09  and  .17  per  cent — not  more  than  the 
amount  of  dextrose  that  is  easily  managed  and  utilized  by  diphtheria 
bacilli. 


— 

— 

— 

TABLE  III. 

nesig'nation  of 
bouillon. 

X  u 

'  tc 

! 

Initial  reaction. 

Final  reaction 
after  11  days. 

Kesui.t. 

i 

1 

1.3 

-.8.5 

+  0. 

.02  cc.  fatal  to  244-gramme  guinea-pig  in  1|  days  ± 
m.  f.  d.  =.012  cc. 

B  1 

1.1 

-8.5 

-2. 

.02  cc.  fatal  to  243-gramme  guinea-pig  in  IJ  days  ± 
m.  f.  d.=.01  cc. 

C 

1.4 

-.8 

-1.5 

1  .02  cc.  fatal  to  24.5-gramme  guinea-pig  in  30  hours. 

J  .008  ce.  “  253  “  “  “  2J  days  ± 

1  m.  f.  d.  =.007  cc. 

n 

0.<) 

-.8 

-1.8 

.01  cc.  fatal  to  251-gramme  guinea-pig  in  2^  dtiys. 
m.  f.  d.=.000  cc. 

E 

1.0 

-o.r 

+  .15 

.01  cc.  produces  large  slough  in  20.5-gramme  guinea- 
pig.  m.  f.  d.  =.012  cc. 

Tables  I  and  III  show  that  to  ^  of  the  amount  of  toxin  obtainable 
in  fermented  bouillon  plus  dextrose  is  produced  in  ordinary  bouillon 
under  identical  conditions.  For  bacilli  without  the  training  for  sur¬ 
face  growth  the  result  would  have  been  far  worse,  as  all  experimenters 
have  amply  testified.f  Table  III  also  shows  that  the  bacillus  em¬ 
ployed,  in  spite  of  its  surface  growth,  was  ixnable  to  make  more  than 
2  out  of  5  lots  of  bouillon  alkaline  within  11  days.  Nevertheless,  a 
considerable  amount  of  toxin  had  accumulated.  The  toxin  produc¬ 
tion  goes  on  in  spite  of  unfavorable  conditions,  probably  in  virtue  of 
the  persistent  membrane  growth  and  the  large  amount  of  available 
peptone.  The  table  furnishes  further  illustration  of  the  fact  that  a 
strongly  alkaline  end  reaction  does  not  necessarily  imply  the  greatest 
toxic  accumulation.  A  comparison  of  this  with  preceding  tables 

*  See  Journ.  Boston  Soc.  Med.  Sciences,  June,  1898,  for  this  estimate, 
t  Dr.  tv.  II.  Park  informs  me  that  he  obtains  no  better  results  than  these 
with  unfermented  bouillon  at  the  present  time. 
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shows  that  1  per  cent  peptone  or  even  less  in  fermented  bonillon  may 
accomplish  more  than  2  per  cent  in  ordinaiw  bonillon. 

The  oxjigen  supply. — Concerning  the  need  of  abnndant  oxygen  in 
cultures  of  diphtheria  bacilli  there  is  general  agreement  and  but  little 
need  be  said.  Ventilation  is  readily  secured  in  the  modified  Fernbach 
flask  shown  in  Fie.  1  (p-  381),  and  this  flask  I  have  invariably  found 
superior  to  the  other  forms  of  the  Fernbach  and  to  Erlenmeyer  flasks 
when  the  layer  of  cnltiire  fluid  was  about  2.5  cm.  deep.  By  reducing 
the  depth  of  the  layer  these  flasks  become  more  efficient. 

COXCLUSIO.NS. 

1.  Dextrose  is  not  in  itself  injurious  but  rather  favorable  to  toxin 
production.  IVhen  added  in  quantities  not  exceeding  0.2  per  cent  to 
peptone  bonillon  freed  from  fermentable  acid-producing  substances 
(muscle  sngai’)  it  leads  to  a  maximimi  accumulation  of  toxin  by  utiliz¬ 
ing  the  available  peptone  to  the  best  advantage. 

2.  The  different  courses  taken  by  cultures  of  diphtheria  bacilli  in 
ordinary  nnfermented  peptone  bonillon  containing  muscle  sugar  and 
in  peptone  bonillon  made  from  fermented  infusion  to  which  0.1  to 
0.2  j)er  cent  dextrose  has  been  added  are  manifested  by  an  increased 
production  of  toxin  in  the  latter  as  well  as  by  a  rapid  return  from  an 
acid  to  an  alkaline  reaction.  In  the  former  an  acid  reaction  may 
prevail  even  under  most  favorable  conditions. 

3.  These  differences  may  be  explained  by  assuming  either  that  the 
acid  products  of  the  muscle  sugar  are  different  from  those  of  dextrose 
and  non-ntilizable,  or  else  that  the  bonillon  contains  certain  other  un¬ 
known  inhibitory  substances  removed  during  fermentation.  The  use 
of  synthesized  media  and  an  analysis  of  the  acid  products  in  fermented 
bonillon  pins  dextrose  and  in  nnfermented  bonillon  would  aid  in  ex¬ 
plaining  the  differences. 

4.  Among  the  accessory  conditions  which  favor  the  toxin  produc¬ 
tion  in  nnfermented  bouillon,  as  pointed  out  by  Bark  and  AVilliams, 
are  increased  quantities  of  peptone,  well  developed  surface  growth  of 
the  diphtheria  bacilli,  and  a  low  initial  acid  reaction  (phenolphthalein). 
In  fermented  bonillon  these  accessory  conditions  are  also  favoring, 
though  of  less  importance. 


THE  ORIGIX  OF  FAT  FROM  PROTEIX  IX  THE  SO-CAIAED 
FATTY  .METAMORPHOSIS  OF  PHOSPHORUS 
POISOXIXG. 

By  ALOxXZO  EXGLEBEKT  TAYLOIt,  M.  D..  Assistant  Director  of  the 
Laboratory,  and  Woodward  Associate  in  Clinical  ^Medicine. 

{From  the  William  Pepper  Lahoratorp  of  Clinical  Medicine,  Vnirertiittt  of 
Pennsiihunia,  Phahe  A.  Hearst  Foundation.) 

The  idea  of  employing  liiheniating  animals  for  the  study  of  fatty 
degeneration  seeans  to  have  originated  witli  Leo  (1).  Later  I*oli- 
manti  (2)  took  np  the  plan  along  similar  but  less  uncontrolled  lines, 
and  reached  the  same  conclusions  as  Leo, — that  in  phosphorus  poison¬ 
ing  in  frogs  fat  is  formed  from  the  protein.  In  the  work  of  both 
were  obvious  errors  and  also  opportunities  for  further  error.  Poli- 
manti,  as  Ptlueger  (3)  promjitly  jiointt'd  out,  erred  in  not  having 
determined  the  initial  weight  of  his  live  frogs,  and  in  assuming  that 
the  Aveight  at  death  and  the  dried  residue  of  the  poisoned  and  control 
frogs  could  he  properly  compared;  he  erred  further  in  employing 
heavier  frogs  for  the  poisoning,  while  lighter  frogs  were  used  as  con¬ 
trols;  and  most  important  of  all,  Ptlueger  demonstrated  that  hiher- 
nating  frogs  contain  sufficient  glycogen  to  account  for  the  fat  ajipav- 
ently  formed.  In  such  experiments  it  must  obviously  be  demon¬ 
strated  that  the  fat  in  the  tissues  of  a  poisoned  animal  could  not  he 
derived  from  any  other  source  than  protein,  before  it  can  be  held  as 
demonstrated  that  in  fatty  degenerations  fats  are  produced  from 
protein. 

I  have  repeated  the  experiments  of  ])roducing  phosphorus  ])oisoning 
in  frogs,  and,  I  Ixdieve,  have  arranged  the  conditions  so  rigidly  that 
the  results  must  be  indubitable,  in  so  far  at  least  as  this  particular 
procedure  is  concerned.  I  have  utilized  the  Rana  palustris. 

The  frogs  were  gathered  about  the  first  of  Decendier,  and  held 

in  moist  chambers  exposed  to  the  light  for  nearly  four  mouths  at  a  tem¬ 
perature  of  18-20°  r.  This  was  done  iu  order  to  exhaust  as  much  as 
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possible  the  store-houses  of  fat  and  glycogen.  Twenty-eight  males  were 
then  selected,  and  divided  into  groups  of  fourteen  each;  the  total  weight 
of  each  group  was  almost  identical  with  that  of  the  other,  and  the  frogs 

were  so  paired  as  to  make  the  series 

balance  Avell.  The  frogs  Avere  Aidped 

dry  Avith  filter  paper,  the  urine  expressed,  and  they  were  then  carefully 

weighed.  The  frogs  of  one  group 

Avere  then  poisoned  by  phosphorus. 

I  wished  to  prolong  the  action  of  the  phosphorus,  and  the  frogs  Avere 
given  tAvo  small  doses  rather  than  one  large  dose.  The  phosphorus  Avas 
administered  in  an  emulsion  of  acacia,  and  each  frog  was  given  0.001 
grm.  at  each  administration,  the  second  dose  being  given  on  the  fourth 
day.  Whenever  a  frog  died  his  control  felloAV  Avas  at  once  killed.  Such 
as  did  not  die  Avere  killed  upon  the  twelfth  day,  and  their  controls  at 

the  same  time.  The  animals  Avere 

Aveighed  Avhen  found  dead  or  Avhen 

killed.  An  interesting  point  Avas  the  oedematous  condition  of  many  of 
the  poisoned  frogs,  especially  those  found  dead  over  night.  The  origi- 

nal  Aveights  Avere  as  follows: 

CONTKOLS. 

TO  BE  POISONED. 

Cl  =  31.«!'0 

Pl=32.450 

C'3=20.()00 

P3  =  31.000 

C3=31.3S() 

P3  =  31.000 

C4=33.8.')0 

P4=3 1.000 

C.5=30.0!»0 

P.5=20.030 

C6=21.300 

Pe=31.450 

C7  =  38.000 

P7  =  43.700 

C8  =  28.030 

P8=30.770 

C!)  =  l!t.870 

P0=31.100 

Cl  0  =  1!).  8.50  + 

P10=18.380 

Cl  1=18. 1.50 

Pll  =  l  0.200 

Cl  3=  14.0.50 

P12=  15.480 

C13  =  14.330 

P13=  14.1.50 

C14=13. 840 

P14=10.400 

304.430 

204.350  srrm. 

One  control  frog,  CIO,  Aveight  19.850,  AA'as  lost.  The  total  Aveight  of 

the  dead  animals  Avas: 

CONTItOI.S, 

POISONED. 

Cl  =  l!).300 

Pl  =  32.100  killed. 

C3  =  l  0.8.50 

P2=22.720  dead. 

C3  =  30.370 

P3  =  2.5.480  dead. 

C4  =  23..500 

P4=31.300  killed. 

C.5=30.3.50 

P.5=24.100  dead. 

C  0=3 1.000 

1*0=21.450  killed. 

C  7= 3  0.1.50 

1*7=43.500  killed. 

C8=3i5.0:50 

1*8  =  37.000  dead. 

CO  =10.050 

P0=20.000  killed. 

Cl  0=lost 

1*10=18.000  killed. 

Cll  =17.300 

1*11=13.000  dead. 

C13=13.!>00 

1*12=14.4.50  killed. 

C13  =  14.400 

P13=13..500  killed. 

C 14  =  12.500 

1*14=13.000  dead. 

258.720 

302.100  grin. 

10.000  lost,  ajiiirox. 

277.730  unn. 
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In  all  probalnlity  nuicli  of  tlie  loss  in  weight  in  the  control  frogs  was 
due  to  the  fact  that  the  dead  frogs  could  be  wiped  more  completely  dry 
than  the  living  frogs.  Poisoned  frogs  Nos.  2,  3,  5,  8,  and  14  gained 
notably  in  weight;  they  were  oedematous  and  the  gain  seemed  obviously 
water.  A  comparison  of  these  tables  of  Aveights  illustrates  how  inaccu¬ 
rate  it  would  be  to  use  as  the  basis  of  calculation  the  dead  weight  of  the 
frogs  at  the  end  of  the  experiment.  The  only  correct  basis  of  calculation 
is  the  original  live  Aveight  before  the  experiment. 

The  bodies  of  the  frogs  Avere  first  partly  dried  in  ovens  at  70°  C.,  and 
then  completely  dried  in  a  vacuum  over  sulphuric  acid.  They  Avere 
then  finely  ground  in  a  small  closed  hand-mill,  again  dried  in  a  vacuum 
over  sulphuric  acid,  and  Aveighed.  The  dried  residues  Avere: 

Control  I'roiTS  :  4!I.S.A.5  irrni.  Poisoned  Frosts :  44.020  grm. 

or  18. of  tlie  original  weight.  or  1.5. lor'  of  the  originai  weight. 


In  order  to  make  the  comparison  complete,  alloAvance  must  be  made 
for  the  lost  control  frog:  assuming  his  dried  residue  the  same  as  his  fel- 
loAvs  the  dried  residue  of  tlie  control  frogs  was  18.15  per  cent  of  294.430, 
or  53.441  grm.,  as  against  44.620  grm.  for  the  poisoned  frogs,  represent¬ 
ing  a  loss  of  dried  residue  during  the  process  of  poisoning  of  8.821  grm., 
or  16.5  per  cent. 

Three  portions  each  of  the  control  and  poisoned  frogs  Avere  then  sub¬ 
mitted  to  the  Kjeldahl  process  for  the  estimation  of  nitrogen.  The  re¬ 
sults  Avere  as  folloAvs: 


coNTiun.s : 

1— 0.004  gnu.  subs.  =0.0708  N. 

2— 0. .570  gnu.  subs.  =  0.0000  N. 
S  — 0.575  gnu.  subs.  =  0.0050  N. 

Ou  au  average,  11.. 55^  of  the 
dried  residue,  or  .5.702  grm. 
total  nitrogen.  lucludiug  the 
lost  control  frog,  however,  the 
dried  residue  was  .5:5.441  grm., 
of  whicli  the  total  nitrogen 
(n..5.5  X  5:>.441)  w'ould  amount 
to  0.40:5  gnu.,  or  2.17:5c;  of  the 
original  weight.  This  with  the 
factor  0.25  wouid  correspond 
to  a  totai  protein  of  40.010 
grm. 


POISONED  : 

1  —  0.7:55  grm.  subs.  =0.0805  N. 
2— 0..5.50  grm.  subs.=0.004.5  N. 
3  —  0.0.50  grm.  subs.=0.0700  X. 

Au  average  of  11.70^  of  the 
dried  residue,  or  .5.221  grm. 
totai  nitrogen,  or  1.770^  of 
the  original  weight.  This  with 
the  factor  0.25  would  corre¬ 
spond  to  a  protein  of  :52.031 
grm. 


Thus  during  the  iirocess  of  the  poisoning  by  phosphorus  1.182  grm. 
of  nitrogen  Avere  lost  as  compared  to  the  control  frogs;  this  corresponds 
to  a  loss  in  protein,  using  the  factor  6.25,  of  7.388  grm.,  or  18.37  per 
cent.  These  7.388  grm.  of  proteid  contain  about  3.500  grm.  of  carbon, 
AA'hich  could  eonceivably  correspond  to  about  4.600  grm.  of  fat. 
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The  material  of  each  series  was  tlien  subjected  to  the  same  analyses, 
as  follows: 

The  entire  remainder  of  the  dried  residue,  after  the  small  portions  for 
the  nitrogen  determinations  had  been  taken,  was  placed  in  a  beaker, 
500  cc.  of  water  added,  hydrochloric  acid  xintil  the  mixture  contained 
one-half  of  one  per  cent  HCl,  and  3  grm.  of  pepsin  which  was  free  of 
fat  and  glycogen.  The  beaker  was  tlien  placed  in  an  oven  at  38°  C. 
and  allowed  to  remain  there  with  the  further  addition  of  IICl  in  the 
third  day,  until  digestion  was  completed,  which  was  at  the  end  of  the 
fourth  day,  when  the  frog  poivder  had  gone  into  solution  except  for  a 
few  minute  particles.  The  acidity  was  then  partially  neutralized  by 
the  addition  of  NaHO,  and  the  fluid  transferred  into  modified  Sohxlet 
tubes  designed  for  the  extraction  of  fats  from  liquids,  and  there  ex¬ 
tracted  with  ether  for  about  seven  hours  per  day  during  five  days.  To 
make  sure  of  com})lete  extractions  the  fluid  was  then  thoroughly  shaken 
with  ether  in  glass-stoppered  cylinders.  The  combined  ethereal  extrac¬ 
tions  Avere  then  alloived  to  evaporate,  and  the  fat  collected  in  pure  ether, 
filtered,  the  ether  alloived  to  evaporate,  the  fat  then  placed  in  an  oven 
at  95°  for  several  days,  cooled  and  weighed  as  crude  fat.  The  crude 
fats  were  then  saponified  with  alcoholic  KHO,  the  mixture  rendered 
acid  with  112804,  and  the  tatty  acids  extracted  with  ether.  The  ether 
was  then  allowed  to  eva])orate,  the  fatty  acids  then  dissolved  in  alcohol, 
and  titrated  Avith  N/10  alcoholic  potassium  hydrate,  Avith  phenolphthalein 
as  an  indicator.  From  the  titration  the  fats  Avere  calculated  upon  the 
ba.«is  of  a  mixture  of  stearin,  palmatin,  and  olein,  a  calculation  certainly 
not  accurately  applicable  to  frog’s  fat.  Of  the  fat  in  the  control  frogs, 
4.534  grm.,  Sfi.l  per  cent  Avas  fat,  being  3.904  grm.;  the  remainder, 
0.()30  grm.,  being  lecithin,  cholesterin,  pigments,  etc.  Of  the  fat  in  the 
poisoned  frogs,  3.508  grm.,  84.(1  ])er  cent  Avas  pure,  being  2.908  grm.; 
the  remainder,  0.540  grm.  being  lecithin,  cholesterin,  pigments,  etc. 
Thus  of  })ure  fat  the  control  frogs  had  3.904  grm.,  the  poisoned  frogs, 
2.965  grm.,  a  loss  of  0.930  grm.  The  chief  value  of  this  study  of  the 
fats  lies  in  the  fact  that  it  demonstrated  that  the  ethereal  extracts  from 
the  tAvo  series  contained  approximately  the  same  amount  of  fat. 

The  Aveighed  fats  were  not  deeply  pigmented.  The  fat  from  the  con¬ 
trol  frogs  Aveighed  4.0840  grm.  The  fat  from  the  poisoned  frogs  Aveighed 
3.350  grm.  Since  these  quantities  Avere  obtained  from  the  poAvders 
minus  the  quantities  used  for  the  nitrogen  analysis,  they  must  be  cor¬ 
rected.  From  tbe  residue  of  tbe  control  frogs,  49.885  grm.,  1.749  grm. 
Avere  removed  from  the  three  nitrogen  analyses;  the  4.0840  grm.  fat  in 
the  control  frogs  Avere  therefore  48.130/49.885  of  the  total,  Avhich  Avould 
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be  4.232  grni.  From  the  dried  residue  of  the  poisoned  frogs,  44.G20 
grin.,  1.935  grin,  were  removed  for  the  nitrogen  analyses;  the  3.356  grin, 
fat  were  therefore  42.685/44.620  of  the  total,  which  would  be  3.508  grm. 
Tlie  4.232  grm.  of  fat  in  the  control  frogs  is,  however,  still  too  small  by 
reason  of  the  absence  from  the  analysis  of  the  one  lost  frog.  As  cal¬ 
culated  for  the  dried  residue,  this  was  raised  from  49.885  to  53.441  grm.; 
the  4.232  grm.  of  fat  therefore  represented  49.885/53.441  of  the  real 
total,  which  would  be  4.534  grm.  Since  294.430  grm.  of  control  frogs 
contained  4.534  grm.  of  fat,  the  percentage  was  1.54  per  cent;  and  since 
294.350  grm.  of  poisoned  frogs  contained  3.508  grm.  of  fat,  the  percent¬ 
age  was  1.19  per  cent.  Thus  the  control  frogs  contained  4.534  grm.  of 
fat,  and  the  poisoned  animals  3.508  grm. — a  loss  of  fat,  therefore,  during 
the  course  of  the  phosphorus  poisoning,  of  1.026  grm. — or  22.64  per  cent. 

Following  the  extraction  of  the  fats  the  digested  fluid  was  neutral¬ 
ized,  wherein  a  rather  heavy  precipitate  was  produced.  The  precipitate 
was  separated  by  filtration,  and  in  the  filtrate  and  precipitate  the  Briicke- 
Kiilz  method  for  glycogen  was  conducted  separately.  The  use  of  this 
method  after  the  digestion  of  the  substance  has  been  recommended  by 
Austin  (4). 

The  precipitate  was  heated  in  a  2  per  cent  KHO  until  homogeneous, 
then  cooled  and  HCl  and  Briicke’s  reagent  added  until  no  further  pre¬ 
cipitate  appeared.  The  precipitate  was  then  filtered  off,  redissolved  in 
2  per  cent  KHO,  reprecipitated  with  HCl  and  Briicke’s  reagent,  and 
this  process  was  repeated  four  times;  the  filtrates  were  then  united. 

The  original  filtrate  was  then  mixed  with  twice  its  volume  of  96  vol. 
per  cent  alcohol  and  allowed  to  stand  24  hours.  By  this  time  the  glyco¬ 
gen  was  entirely  precipitated,  and  it  was  hoped  that  the  albumoses  would 
remain  entirely  in  solution.  This  they  did  not  do;  a  portion  was  pre¬ 
cipitated.  The  precipitate  was  washed  twice  in  62  vol.  per  cent  alcohol 
containing  a  little  NaCl,  and  then  dissolved  in  warm  water.  In  order 
to  attempt  to  avoid  the  milky  cloudiness  which  would  surely  be  pro¬ 
duced  by  the  Briicke  reagent  in  a  liquid  containing  albumoses,  the  solu¬ 
tion  was  again  mixed  with  double  its  volume  of  96  vol.  per  cent  alcohol; 
as  before,  albumoses  were  precipitated  and  could  not  be  separated  from 
the  glycogen  in  this  way.  Upon  the  following  day,  the  precipitate  was 
dissolved  in  warm  water,  the  required  amount  of  KHO  added  to  bring 
it  up  to  2  per  cent  KHO,  and  then  sidimitted  to  the  precipitation  with 
HCl  and  Briicke’s  reagent;  a  small  precipitate  and  a  milky  cloudiness 
appeared,  and  the  solution  was  allowed  to  stand  24  hours,  but  the  cloudi¬ 
ness  still  persisted.  Thereupon  the  entire  Brueke-Kiilz  procedure  was 
repeated,  but  with  the  same  result.  This  time  the  precipitate  was  sepa- 
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rated  by  filtration,  and  four  times  redissolved  in  KHO,  reprecipitated 
by  nCl  and  Briicke's  reagent  and  filtered.  All  the  filtrates  were  united 
and  finally  added  to  the  filtrates  obtained  from  the  manipulation  of  the 
original  residue,  and  thus  all  the  glycogen  in  each  series  of  frogs  was 
finally  brought  into  one  solution.  This  solution  was  of  a  pale  milky 
color,  and  all  efforts  to  clarif}'  it  were  fruitless.  The  same  phenomena 
occiirred  in  both  series  of  analyses,  and  were  in  all  probability  due  to  al- 
biimoses  Avhieh  arose  during  the  digestion  of  the  frogs.  It  was  obvious 
tliat  the  glycogen  Avordd  not  be  pure  preparations.  Double  analyses  of 
aliquot  parts  of  each  solution  were  then  made  according  to  the  Iviilz  (5) 
metliod — precipitation  Ijy  2  volumes  of  96  vol.  per  cent  alcohol,  careful 
wasliiiig  upon  the  weighed  filter  paper,  first  with  66  per  cent  alcohol, 
then  9.J  per  cent,  three  times  with  absolute  alcohol,  three  times  with 
ether,  and  finally  again  with  absolute  alcohol,  and  drying  to  a  constant 
weight  at  90°  C.,  which  required  about  four  days.  The  glycogen  in  the 
control  frogs  was  2.029  grm.  and  2.0T0  grm.  respectively  for  two  analyses, 
the  avei-age  being  2.019  grm.  The  glycogen  in  the  poisoned  frogs  was 
1.184  grm.  and  1.802  grm.  respectively  for  two  analyses,  the  average  be¬ 
ing  1.193  grm.  These  must  both  be  corrected,  as  were  the  fats,  for  the 
quantity  of  dried  residue  removed  for  the  nitrogen  anabases.  The  2.049 
grm.  in  the  control  frogs  was  48.136/49.885  of  the  total,  therefore  2.123 
grm.  The  1.793  grm.  in  the  poisoned  frogs  was  42.685/44.620  of  the 
total,  therefore  1.874  grm.  The  2.123  grm.  in  the  control  frogs  must 
l)e  further  corrected  for  the  lost  frog;  it  was  49.885/53.441  of  the  real 
total,  which  was  therefore  2.274  grm. 

It  was  obviously  necessary  to  determine  the  purity  of  the  glycogen. 
This  was  done  by  inverting  it  and  making  a  quantitative  analysis  of  the 
sugar.  For  inversion  I  employed  a  2.5  per  cent  HCl  solution,  using 
a  boiling  water  bath  for  four  hours.  The  sugar  was  determined  by  the 
cupric  oxide  method  as  elaborated  by  Pflueger  (6),  a  method  I  have  re- 
]ieatedly  employed  with  entire  satisfaction.  According  to  the  formula  for 
glycogen  of  Ilueppert  (7),  11  parts  of  glycogen  should  furnish  12  parts 
of  dextrose.  Of  the  glycogen  from  the  control  frogs  I  inverted  0.109 
grm.,  which  should  have  produced  0.119  grm.  dextrose;  my  analysis  fur¬ 
nished  0.102  grm.;  the  glycogen  was  therefore  85.8  per  cent  pure;  85.8 
]ier  cent  of  the  glycogen  in  the  control  frogs,  2.274  grm.,  equals  1.951 
grm.,  the  final  figure  for  glycogen  in  the  control  frogs,  0.66  per  cent  of 
the  original  weight  of  the  frogs.  Of  the  glycogen  from  the  poisoned 
frogs,  0.0942  grm.  were  inverted,  and  should  have  produced  0.102  grm. 
of  dextrose;  the  analysis  furnished  0.0924  grm..  the  glycogen  from  the 
jioisoned  frogs  was  therefore  91.5  per  cent  pure;  91.5  per  cent  of  the 
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glycogen  in  the  poisoned  frogs,  1.847  grm.,  would  amount  to  1.690  grm., 
wliich  is  the  final  figure  for  the  glycogen  in  the  poisoned  frogs,  or  0.57 
per  cent  of  the  original  weight  of  the  frogs.  Thus  during  the  coui-se 
of  the  phosphorus  poisoning  the  frogs  lost  1.261  grin,  of  glycogen,  or 
13.3  per  cent.  As  a  matter  of  fact,  since  fit  the  glycogen  results  are  too 
low — the  Kiilz  method  giving  always  too  low  results — the  loss  in  gly¬ 
cogen  was  probably  greater. 

sumjNiaey  and  discussion. 

588.780  gmi.  of  frogs,  all  of  the  same  sex,  of  the  same  comparative 
approximate  weights,  taken  from  the  ground  about  the  same  time, 
kept  awake  and  ■without  food  for  nearly  the  same  time,  Avere  divided 
into  equal  groups;  the  one  group  was  poisoned  Avith  phosphorus,  the 
other  gTOup  held  as  a  control.  The  frogs  in  the  poisoned  group  lost  in 
dried  residue  8.821  gnn.  or  16.5  per  cent  of  the  dried  residue  of  the 
control  group;  1.182  g-nn.  of  nitrogen,  corresponding  to  7.388  of 
proteid,  or  18.45  per  cent  of  the  nitrogen  and  protein  in  the  control 
frogs;  1.026  gnn.  of  fat,  or  22.64  per  cent  of  the  fat  in  the  conti’ol 
animals;  and  0.261  grm.  glycogen,  or  13.3  +  per  cent  of  the  glycogen 
in  the  control  frogs. 

I  believe  that  it  is  obvious  that  in  these  experiments  no  fats  Avere 
produced  from  protein.  ^Mathematically,  it  is  possible  to  conceive  that 
fats  could  have  been  fonned  but  entirely  burned  up.  As  previously 
stated,  the  carbon  in  the  proteid  lost  during  the  poisoning  Avas  equiAm- 
lent  to  4.600  grm.  of  fat,  and  it  is  conceh^able  that  these  4.600  grm.  of 
fat  Avere  foi-med,  but  that  they,  together  Avith  the  1.026  grin,  of  fat 
actually  lost  during  the  experiments,  Avere  burned.  In  brief,  the  fat 
combustion  might  have  been  tremendously  increased,  and  masked  an 
actual  fat  formation.  This  hoAvever  is  unsupported  by  evidence,  and 
is  highly  improbable.  It  is  hard  to  conceiA^e  that  in  an  organism 
Avhose  katabolic  functions  Avere  greatly  augmented  as  the  result  of 
phosphorus  poisoning,  in  AA’hich  protein,  fat,  and  glycogen  Avere  being 
burned  in  excess,  the  carbon  of  the  protein  Avould  first  have  been 
converted  into  fat  and  then  the  fat  burned  as  such.  I  believe  the  only 
conclusion  Avhich  can  be  draAvn  from  these  experiments  is  that  no  fat 
Avas  formed  as  the  result  of  phosphorus  poisoning.  Thus  the  fatty 
27 
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degenerations  so-called  'wliicli  occnrred  in  these  frogs  did  not  compre¬ 
hend  any  formation  of  fat  at  all,  hnt  simply  the  deposition  of  fat. 

These  residts  are  directly  opposite  to  those  of  Polimanti.  Poli- 
manti  api)arently  did  not  weigh  his  animals  before  the  heginning  of 
the  expenment,  and  based  his  calcnlations  npon  the  relation  of  the  fat 
to  the  dried  residue.  Obviously  his  calculation  was  based  upon  the 
assumption  that  the  dried  residue  of  a  frog  was  unalfected  by  phos¬ 
phorus  poisoning.  Polimanti,  in  declining  to  base  his  calculations 
upon  the  weight  of  the  animals  when  dead,  states  that  as  water  is  often 
increased,  such  a  calculation  woidd  be  misleading.  But  since  the 
dried  residue  may  and  does  vary,  calculations  based  upon  it  are  aUo 
misleading,  and  thus  the  only  projicr  basis  of  calculation  is  the  original 
weight  of  the  frogs  before  the  experimentation,  t’alculated  upon  the 
basis  of  the  dried  n'siduc,  in  my  material  the  })ercentage  of  fat  in  the 
control  animals  was  8.48  per  cent,  in  the  poisoned  animals  7.86  per 
cent,  so  that,  oven  ui)on  the  basis  of  Polimanti's  incorrect  calculation, 
in  my  experiments  fat  was  lost  in  notable  quantity. 

Just  before  this  study  was  completed,  the  ])ublication  of,. 
Athanasiu,  (8)  from  PHueger  s  laboratory,  appeared.  Operating  with 
a  large  number  of  frogs,  and  under  varying  conditions,  with  careful 
methods  and  rigid  controls,  Athanasiu  reached  the  conclusions:  that 
phosphoi’us  poisoning  has  no  etfect  upon  the  total  quantity  of  fat  in 
frogs;  that  it  has  little  etfect  upon  the  nitrogen;  that  it  produces  a 
diminution  in  the  quantity  of  glycogen;  and  that  the  fatty  degen¬ 
erations  are  really  fatty  infiltrations.  AY  Idle  my  results  agree  with 
those  of  Athanasiu  in  the  essential  point  that  no  fat  was  produced 
by  phosphorus  poisoning,  they  differ  in  that  the  poisoned  frogs,  in 
my  experiments,  lost  fat  and  protein  as  well  as  glycogen,  while  his 
frogs  lost  only  glycogen.  Since  our  methods  were  almost  the  same, 
the  differences  must  have  resided  either  in  the  conditions  surrounding 
the  expeiiments,  or  in  the  animals.  1  do  not  believe  that  such  dif- 
fei’ences  exist  between  the  Bana  fusca  and  esculenta  of  Europe  and 
the  liana  palustris  of  America  as  to  explain  the  differences  in  <mr 
results.  These  differences  I  believe  may  be  explained  by  varying 
conditions.  ..My  animals  were  kept  in  a  warm  cellar,  at  a  temperature 


Alonzo  Englcliert  Taylor 


407 


of  from  18  to  20°  C.  T'ho  period  of  poisoning  wit'ii  Atlianasiii’s 
frogs  varied  from  one  to  six  days;  all  of  my  frogs  lived  over  six  days, 
most  of  them  ten  or  twelve  days.  Sinee  we  know  that  the  kataholic 
actions  of  most  poisons  are  greater  in  prolonged  intoxications,  it  is 
fair  to  assnme  that  the  time  element  was  the  factor  in  the  prodnetion 
of  my  resnlts. 

AVhilc  it  wonld  be  nnscientitic  and  illogical  to  state  that  fat  cannot 
he  formed  from  protein,  the  fact  stands  that  it  has  never  been  shown, 
either  in  pln'siology  or  pathology,  that  fats  are  fonned  from  protein. 
On  the  contraiy,  nearly  all  of  the  carefnl  work  npon  the  question  has 
yielded  negative  resnlts.  Xot  only  has  it  never  been  shown  that,  in 
fatty  degeneration  so-called,  fat  is  formed  from  the  cellnlar  protein, 
bnt  it  has  never  been  demonstrated  that  fat  is  then  formed  at  all,  even 
from  glncosides,  etc.,  substances  from  which  fats  may  be  readily 
formed. 
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A  CONTKIBUTION  TO  THE  KNOWLEDGE  OE  THE 
PATHOLOGY  OF  FRAGMENTATION  AND 
SEGMENTATION,  AND  FIBROSIS 
OF  THE  MYOCARDIUM. 

By  JOHN  BEUCE  IMacCALLUM. 

(From  the  Pathol o<ii col  Laboratory  of  the  Johns  Hopkins  University  and  Hospital.) 

Plates  XXI  and  XXII. 

In  order  to  make  clear  the  following  description  of  the  minnte 
changes  taking  place  in  the  heart-mnscle  cell,  it  will  be  well  fii’st  to 
describe  briefly  the  appearances  met  with  in  normal  cardiac  muscle. 
In  a  previous  paper*  I  have  given  a  detailed  description  of  these, 
together  with  an  account  of  the  histogenesis  of  the  cardiac  muscle  cell. 

HISTOLOGY  OF  THE  MUSCLE  OF  THE  NORMAL  HEART. 

The  nonnal  adult  heart  muscle  of  the  human  subject  is  made  up  of 
irregular  rhomboidal  cells,  which  are  usually  considerably  branched. 
Each  cell  consists  of  darkly  staining  columns,  which  run  longitudi¬ 
nally  and  are  separated  by  unstained  substance.  These  columns  are 
commonly  spoken  of  as  fibril  bundles,  and  correspond  with  what 
V.  Kolliker  has  called  “  Muskelsaulehen.”  The  unstained  substance 
between  is  generally  kno'wn  as  sarcoplasm. 

Careful  obseiwation  and  certain  methods  of  special  staining  reveal 
a  definite  relation  between  these  two  parts  of  the  cell.  The  fibril 
bundles  are  striated  like  voluntary  muscle,  showing  a  narrow  disc 
called  Krause’s  membrane,  and  a  broader  disc  or  Briicke’s  line  of 
doubly  refractive  substance  between  each  two  narrow  striations. 
Krause’s  membrane  corresponds  with  the  “Zwischenscheibe”  of  Ger¬ 
man  writers,  and  Briicke’s  line  is  identical  with  the  “  Querscheibe.” 

*  J.  B.  ^MacCalhim,  On  the  Histology  and  Histogenesis  of  the  Heart-mus¬ 
cle  Cell,  Anatomischer  Anzeiger,  1897,  xiii,  009. 
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In  thin  sections,  especially  those  stained  by  Ivolossow's  method,  the 
Kranse’s  membranes  are  seen  to  belong  to  the  sarcoplasm  as  well  as  to 
the  fibril  bundles  (Plate  XXI,  Fig.  1).  The  sarcoplasm  is  divided  into 
distinct  discs  by  membranes  which  horizontally  are  continuous  with 
the  Krause’s  membranes  of  the  fibril  bundles.  There  may  be  more 
than  one  of  these  discs  between  two  adjacent  fibril  bundles  (Plate 
XXI,  Fig.  1,  A);  and  at  the  centre  of  the  cell  the  perinuclear  sarco¬ 
plasm  is  made  up  of  discs  alone. 

Seen  in  transverse  section  (Plate  XXI,  Fig.  2)  the  cell  consists  of 
dai’kly  staining  masses  which  are  cross-sections  of  fibril  bundles,  sepa¬ 
rated  by  definite  discs  of  unstained  substance,  the  sarcoplasmic  discs. 
Tdie  muscle  fibre  then  contains  a  continuous  network,  made  \ip  of 
the  fibril  bundles,  and  the  membranes  boimding  the  sarcoplasmic 
discs.  The  joints  of  junction  of  these  membi'anes  with  the  fibril 
bundles  are  at  the  narrow  striations  or  Krause’s  membranes  of  the 
fibril  bundles. 

The  relation  of  these  parts  is  made  clear  by  their  histogenesis.  The 
earliest  stage  in  the  development  of  the  heart-muscle  cell  shows  an 
irregular  network  in  the  protoplasm.  This  tends  to  become  more  reg¬ 
ular  as  shown  in  Plate  XXI,  Fig.  3,  assuming  the  form  of  discs  which 
in  transverse  sections  are  seen  as  clear  circiilar  areas.  Some  of  these 
discs  break  up  into  smaller  ones,  and  in  the  angles  between  them  there 
is  an  accumulation  or  a  ditferentiation  of  the  substance  of  the  network, 
giving  rise  to  longitudinally  disposed  masses.  The  earliest  formation 
of  these  is  around  the  peripliery  of  the  cell  as  shown  in  Plate  XXl, 
Fig.  4.  They  become  what  in  the  adult  cell  are  known  as  fibril 
bundles,  and  the  discs  left  in  between  are  the  sarcojdasmic  discs 
described.  It  is  thus  seen  that  the  network,  com])osed  partly  of  the 
fibril  bundles,  is  (h'rived  directly  from  the  primitive  network  of  the 
embryonic  cell.  It  is  further  a  very  noticeable  fact  that  the  formation 
of  fibril  bundles  takes  ])lace  first  at  the  perij)heral  part  of  the  cell,  so 
that  those  fibril  bundles  which  are  fornuHl  latest  are  nearest  the 
centrally  placed  nucleus. 

In  the  state  of  extension  the  muscle  Hbre  difl'ers  very  markedly  from 
the  conditiou  described  above.  It  often  ha])])ens,  es))ecially  in  cases 
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of  fragmentation  of  the  myocardium,  that  two  cells,  separated  only  by 
a  cement  line,  are  in  the  state  of  contraction  and  extension  respectively. 
The  contracted  fibre  is  mneh  broader  than  the  other,  and,  on  follow¬ 
ing  it  to  the  eement  line,  the  edges  siiddenly  narrow  down  Avhen  the 
next  cell  is  reached,  as  shown  in  Plate  XXI,  Fig.  5.  It  is  evident  that 
the  narrow  cell  is  the  extended  one,  and  the  histological  characters  of 
it  indicate  that  it  has  undergone  a  very  decided  change.  The  most 
noticeable  differences  are  the  following: — In  the  extended  fibre  the 
lateral  edges  arc  distinctly  concave,  as  compared  with  the  slightly 
convex  boundaries  of  the  contracted  eell.  The  fibril-bundles  are 
much  closer  together  in  the  extended  fibre,  and  seem  to  occupy  rela¬ 
tively  more  space  than  in  the  contracted  condition.  As  a  consequence 
of  this  the  sarcoplasm  is  much  less  in  evidence.  AVithin  themselves 
also  the  fibiil  bundles  show  marked  changes.  The  distance  between 
each  two  naiTOw  striations  or  Krause’s  membi’anes  is  very  much 
greater  than  in  contracted  muscle.  In  this  space  there  is  a  darkly 
staining  mass  which  has  on  each  side,  between  it  and  the  respective 
Krause’s  membranes,  a  clear  space.  This  dark  body  coiTesponds  in 
position  with  the  secondary  striation,  or  Biiicke’s  line.  It  is,  however, 
very  different  in  form  from  this  structure  in  contracted  muscle.  It  is 
generally  somewhat  naiTOwer,  and  considerably  longer.  AVhereas 
in  contracted  fibres  its  transverse  diameter  is  two  or  tlu'ee  times  as 
great  as  its  length,in  extended  muscle  it  is  either  equally  great  in  both 
axes,  or  even  greater  in  the  long  axis.  As  represented  in  Plate  XXI, 
Fig.  5,  B,  the  most  conspicuous  striation  in  contracted  muscle  is 
Krause’s  membrane;  while  in  the  extende<l  condition  (Fig.  5,  A) 
Brticke’s  line  becoines  very  distinct,  and  the  narrow  striations  are 
hardly  to  be  seen. 


METHODS  AXD  ^r.VTERIAT.. 

For  the  following  study  of  some  of  the  patliological  conditions  met 
Avith  in  heart  muscle,  only  human  tissues  Avere  used.  These  AA’ere 
obtained  in  part  fresh  from  autopsies  made  in  the  Johns  Hopkins 
Hospital,  and  in  part  from  alrc'ady  ]>reserved  sp(‘cimens.  With 
regard  to  some  of  the  tissues  used  in  the  study  of  fragmentatiou  and 
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segmentation,  I  am  greatly  indebted  to  Dr.  Hektoen  of  Chicago,  wlio, 
at  the  reqnest  of  Dr.  Flexner,  sent  a  number  of  exquisite  specimens 
to  the  laboratory. 

All  tlie  tissues  that  were  obtained  fresh  were  treated  by  Kolossow’s 
osmic  acid  method,*  and  also  by  the  ordinaiy  methods.  The  other 
tissues  were  hardened  in  Zenker’s  fluid,  alcohol  or  Miiller’s  fluid. 
Sections  were  cut  in  both  celloidin  and  paraffin. 

The  tissues  treated  by  Kolossow’s  method  were  studied  without 
further  staining.  The  others  after  being  cut  were  submitted  to  a  treat¬ 
ment  somewhat  similar  to  that  described  in  Kolossow’s  method.  The 
sections  were  placed  in  1  per  cent  osmic  acid  for  2 — 5  minutes  until 
they  were  thoroughly  impregnated.  They  were  then  transferred  to 
Kolossow’s  reducing  fluid  (tannic  and  pyrogallic  acids)  until  the  pre¬ 
cipitation  Avas  complete.  If  the  stain  is  not  intense  enough,  this 
process  may  be  repeated,  care  being  taken,  however,  that  all  the  reduc¬ 
ing  fluid  is  Avaslied  out  Avith  Avater  before  the  sections  are  again  put  into 
osmic  acid.  The  sections  may  be  dehydrated  and  mounted  in  the 
ordinaiy  Avay.  This  mode  of  staining  is  not  by  any  means  recom¬ 
mended  in  place  of  KoIossoav’s  original  method,  for  it  gives  much  less 
distinct  pictures.  It  is,  hoAvever,  convenient,  in  that  tissues  hardenc‘d 
by  any  of  the  ordinaiy  methods  can  be  used,  Avhile  in  the  original 
method  only  fresh  tissues  can  be  employed.  A  nuclear  stain  may  be 
obtained  in  connection  Avith  this,  by  treating  the  sections  subsequently 
Avitli  safraiiin. 

Specimens  stained  in  Inematoxylin  and  eosin,  safranin,  and  van 
(lieson’s  fluid  Avere  also  studied. 


rilAGAIEXTATION  AND  SE GAIEXTATIOX  OF  THE  AlYOCAKUrU Al. 

Konant  and  Landouzyt  in  1877  Avere  tlie  first  to  describe  a  dissocia¬ 
tion  of  the  muscle  cells  of  the  heart.  They  believed  that  it  AA\as  due  to 
nutritive  disturbances,  Avhicli  acted  in  such  a  way  that  the  cement  sub¬ 
stance  between  the  cells  Avas  softened.  Tliey  called  tlie  condition  “  seg¬ 
mentation.” 

*A.  Kolossow,  Ueber  eine  neue  Methode  der  Bearbeitung  der  Gewebe  mit 
Osmiumsaure,  Zeitschr.  f.  KissenscJiaftl.  Mfkroskopic,  1892,  ix,  38. 

t  Itenaut,  Note  siir  les  alterations  dn  myocarde  accompagnant  I’inertie 
eardiaque,  Compt.  reinl.  Sociefe  de  Biolofiie,  July,  1877. 
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lienaiit*  in  ISDO  contributed  another  article  in  which  he  considers 
the  condition  as  a  definite  disease;  and  attributes  the  separation  of  the 
cells  to  a  solution  of  the  cement  substance. 

Von  Eecklinghansen  f  believes  that  breaking  may  take  place  in  the 
cell-body  as  well  as  in  the  cement  line,  and  that  it  is  due  to  irregularities 
in  contraction,  ratlier  than  to  a  solution  of  the  cement  substance. 

Israel;};  observed  that  there  is  a  separation  of  the  muscle  bundles,  sug¬ 
gesting  that  the  change  is  brought  about  by  mechanical  influences. 

BrowiczS  believes  that  the  dissociation  of  the  muscle  cells  occurs  be¬ 
fore  death,  and  may  give  rise  to  insufficiency  or  even  stoppage  of  the 
heart. 

According  to  Oestreich||  breaking  takes  ])lace  mainly  in  the  body  of 
tlie  cell,  although  it  may  occur  in  the  cement  line.  The  condition  can¬ 
not  be  brought  about  by  decomposition,  and  all  the  evidence  points  to 
its  being  an  ante-mortem  process.  Oestreich  cites  instances  of  its  pres¬ 
ence  in  sudden  deaths,  death  under  chloroform,  etc.  It  may  occur  in 
almost  any  disease. 

Bard* * §;  believes  that  the  breaking  occurs  after  death,  in  muscle  wliich 
is  abnormally  fragile. 

It  is  thus  believed  by  some,  particularly  Browicz,  Eenaut,  Tedeschi, 
Israel,  and  llurand**  that  tliere  is  some  chemical  substance  formed  wliich 
acts  on  the  cement  leading  to  its  solution. 

By  others,  especially  v.  Becklinghausen.  Oestreich,  and  Bard,  the  con¬ 
dition  is  thought  to  be  brought  about  mechanically. 

Since  these  works  a  pa])er  has  a])])eared  by  L.  Ilektoen.f  f  in  which  the 
subject  is  carefully  worked  over,  llektoeu  divides  the  process  definitely 
iiuo  segmentation  and  fragmentation.  The  former  term  is  used  when 
breaking  on  the  cement  line  is  meant,  while  ‘“fragmentation”  indicates 

*  IJenant,  Gaz.  med.  de  Paris,  1890,  7.  s.,  vii,  109;  123. 

t  Von  I{ee]<liii"hausen, (trs  X  Intern.  Congress.,  Itertin.  (ISoo), 
ii.  Abtli.  3.  ]).  ()7. 

t  Israel,  /nr  Entstehnng’  der  Fragmentatio  myocardii,  Virchow’s  Archir, 
1893,  cxxxiii,  551. 

§  Browicz,  Ueber  die  Bedentung  der  Veriinderungen  der  Kittsubstanz  der 
Mnskelzellbalken  des  llerzinnskels.  Vii-cbow's  Archir,  1893,  cxxxiv,  1. 

II  Oestreich,  Die  Fragmentatio  myocardii,  Virchow's  Archir,  1894,  cxxxv,  79. 

^  Bard,  De  la  signification  anatomitine  et  cliniqne  des  diverses  lesions  dn 
myoearde.  Connres  Francais  de  Mcdccinc.  Paris,  1895,  p.  806. 

**  Durand.  Etnde  anatomiqne  snr  le  segment  cellnlaire  contractile  et  le 
tissue  connectif  dn  mnsele  cardiaqne.  These.  Lyon,  1879. 

tl  L.  Ilektoen,  Segmentation  and  Fragmentation  of  the  ;Myocardinm, 
Anicricnn  •lonrnat  of  Medical  Feienres,  1897,  cxiv,  555. 
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breaking  on  the  body  of  the  cell.  The  two  conditions,  he  thinks,  are 
due  to  a  “  disproportion  between  the  vigor  and  order  of  muscular  con¬ 
traction  and  muscular  cohesion.”  According  to  him  fragmentation  is 
possibly,  if  not  probably,  due  to  mechanical  agencies;  while  segmentation 
cannot  be  produced  in  this  way. 

In  a  recent  paper,  1\ archer*  has  reported  more  especially  on  experi¬ 
mental  fragmentation,  lie  notices  the  increase  in  pigment,  the  swelling 
of  the  nuclei,  and  the  changes  in  the  cement  substance.  His  findings 
confirm  the  earlier  views  that  the  condition  is  most  commonly  found  in 
the  papillary  muscles,  less  frequently  in  the  left  ventricle,  and  only  occa¬ 
sionally  in  the  right  ventricle.  According  to  Karcher  the  causes  may 
be  separated  into  two  classes: 

1.  Fragmentation  as  the  result  of  sudden  injuries  or  acute  processes. 

2.  Fragmentation  following  chronic  diseases  when  there  is  a  distur¬ 
bance  of  the  niTtrition  of  the  heart. 

Experimentally  Karclier  obtained  fragmentation  by  cutting  the  cer¬ 
vical  cord  and  stimulating  the  peripheral  cut  end;  also  by  cutting  the 
vagus  in  the  cervical  region,  and  subsequently  giving  strychnine.  He 
concludes  that  fragmentation  of  the  myocardium  is  caused  chiefiy  by 
disturbances  in  the  nutrition  of  the  heart,  especially  when  associated  with 
a  sudden  rise  in  blood  ])ressure. 

Histology  of  the  heart  muscle  in  fragmentation  and  segmentation  of 
the  myocardium. 

Studied  with  high  powci's  and  with  the  special  methods  of  staining 
described,  the  co'iidition  known  as  fragmentatio  inyocardii  is  seen  to 
be  a  more  complex  process  than  a  mere  breaking  of  the  fibre.  In  every 
case  where  the  breaking  is  at  all  prominent,  there  is  a  peculiar  condi¬ 
tion  of  the  muscle  which  consists  in  an  alternating  contraction  and 
extension  of  the  fibres.  Extension  and  contraction  are  not  here,  as 
is  the  case  in  normal  muscle,  present  in  large  areas.  The  cells  seem 
to  be  affected  separately,  and  one  often  finds  a  contracted  fibre  immedi¬ 
ately  adjacent  to  an  extended  one.  In  nonnal  muscle  the  two  condi¬ 
tions  may  be  present  in  the  same  section,  but  in  such  a  case  all  the 
fibres  in  one  part  of  the  section  are  contracted  and  all  those  in  another 
part  are  extended.  The  muscle  of  fragmentation,  however,  shows  a 

*  .T.  Karcher,  Ueber  die  Frag'ineutatioii  des  Herzinuskels,  Deutsches  Archiv 
fur  klliiisehe  Mediciu,  1S!)7,  l.x,  07. 
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remarkable  distribution  of  the  ditferently  affected  fibres.  It  is  very 
often  possible  to  folloAV  a  contracted  fibre  down  to  the  cement  line,  and 
find  the  cell  on  the  other  side  of  the  line  suddeidy  narrowed  down  to 
the  extended  condition,  as  described  above.  In  such  a  place  the  con¬ 
tracted  fibre  would  be  separated  only  by  a  cement  line  from  the 
extended  one.  The  same  thing  is  seen  even  in  different  part.s  of  the 
same  cell.  Bands  of  contracted  and  extended  tissue  alternate  with 
one  another,  so  that  in  extreme  cases  the  fibre  has  a  mottled  apijear- 
ance.  This  appearance  is  certainly  pathological,  and  it  is,  to  say  the 
least,  strange  to  see  in  the  protoplasm  of  the  same  cell,  two  such 
distinct  histological  conditions  as  extension  and  contraction  of  muscle 
fibres. 

d'he  breaking  which  accompanies  this  condition  can  be  classed  iinder 
four  headings,  according  to  its  position  and  histological  character: 

1.  Breaks  occurring  in  the  cement  line. 

2.  Breaks  occurring  in  contracted  muscle. 

3.  Breaks  occurring  in  extended  muscle. 

4.  Breaks  occumng  as  the  result  of  a  degenerative  process,  whose 
initial  stage  is  an  extreme  extension  of  the  muscle. 

AVe  may  then  speak  of  simple  fragmentation  and  degenerative  frag¬ 
mentation. 


llistoIo[/ij  of  simple  fmgmoiiaiion. 

This  (‘ondition  is  known  as  segmentation  when  present  in  the  cement 
lines,  and  as  fragmentation  when  the  breaks  occur  in  the  body  of  the 
cell.  In  segmentation  the  break  takes  place  in  the  centre  of  the  line, 
leaving  on  either  side  the  “  stratum  granulosum  terminale,”  to  \ise  a 
term  introduced  by  Brzewoski,*  which  limits  the  end  of  the  fibre.  In 
the  body  of  the  cell  the  fragmentation  differs  somewhat  according  as 
the  muscle  is  contracted  or  exteuded. 

(a)  Simple  fragmentation  in  contracted  muscle. — The  break  is 
irregidar  and  tends  to  take  a  stair-like  direction  ( Plate  XXI,  Fig.  G,  A). 
It  is  usually  a  clear  break  which  passes  across  the  breadth  of  the  fibi’e. 
It  is  difficult  to  determiue  (‘xactly  Avherc  the  fracture  occurs  in  rela- 

*  I’rzewoski,  ])u  mode  de  reunion  des  cellules  inyocardiaques  de  riiomme 
adnlte,  AivJiim  den  neii'iuees  hUdoijiiiiien  de  /S7.  Peternhoiinj,  ii,  p.  28(>. 
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tion  to  the  fibril  bundles  and  sarcoplasmic  discs.  It  is  certain,  how¬ 
ever,  that  it  is  \QYy  close  to,  if  not  acti;ally  in,  Krause’s  membrane.  In 
nearly  everv^  instance  one  can  make  out  this  structure  at  the  end  of  the 
broken  fibril  bimdle,  so  placed  that  it  limits  the  bundle  and  sarcoplasm 
at  the  line  of  fracture.  The  line  of  Briicke  is  never  seen  at  the 
broken  end  of  the  fibril  bundle,  and  the  tendency  seems  to  be  for  the 
])reak  to  occur  always  at  Krause’s  membrane.  Further,  it  is  always  at 
right  angles  to  the  long  axis  of  the  fibril  bundles,  that  is  to  say  in  the 
line  of  Krause’s  membrane. 

(?>)  Simple  fragmentation  in  extended  muscle. — This  condition  is 
much  more  extensive  than  the  fragmentation  just  described.  There 
seems  to  be  less  resistance  against  the  forces  that  cause  breaking  than 
in  contracted  muscle.  One  often  sees  small  breaks  on  either  side  of 
the  main  one,  and  there  may  even  be  sepai’ated  fragments  of  fibril 
bundles  in  the  line  of  fracture.  As  shown  in  Plate  XXI,  Fig.  6,  B, 
there  is  usually  an  area  made  up  of  segments  partially  or  entii’ely 
broken  off  from  the  fibril  bundles.  Here  also  the  breaking  seems  to 
take  place  at  Krause’s  membrane,  for  all  the  fragments  are  bounded 
by  this  line,  as  represented  in  the  figure  refeiTed  to. 

llistotogg  of  the  sarcolytic  degeneration  of  fragmentation. 

'I’liin  sections,  stained  by  the  methods  mentioned  above,  but  par¬ 
ticularly  by  Kolossow’s  osmic  acid  method,  show  definite  areas  of  the 
muscle  fibre  from  which  some  of  the  structural  elements  seem  to 
have  disappeared.  These  areas  stain  faintly  As  compared  with  the 
rest  of  the  cell,  and  present  a  more  or  less  marked  dissociation  of  the 
proto])lasmic  structure.  Every  gradation  can  be  made  out  between 
still  solid  tissue  and  areas  which  are  merely  a  mass  of  detritus. 
This  condition  is  shown  in  Plate  XXI,  Fig.  7,  and  will  be  spoken  of 
as  sarcolytic  degeneration.  When  examined  more  carefully  it  is  seen 
that  those  areas  which  are  least  changed  show  a  great  resemblance  to 
normal  extended  muscle  (Plate  XXT,  Fig.  8,  A).  The  fibre,  or  the 
part  affected,  becomes  somewliat  more  narrow  than  the  normal  tissue, 
and  the  minute  characters  are  the  same  as  those  mentioned  in  tlie 
description  of  normal  muscle.  The  first  stage  in  the  process,  then,  is 
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one  which  causes  the  muscle  to  undergo  a  change  similar  to  that  under¬ 
gone  by  normal  muscle  extension.  A  gradual  transition  can  be  traced 
from  the  primary  stage  to  that  in  which  a  complete  disintegration  of 
the  part  takes  place.  In  some  fibres  the  rows  of  Brlicke’s  lines  which 
run  across  the  whole  cell,  forming  the  broad  striations,  are  more  dis¬ 
tant  from  one  another  than  in  extended  fibres  (Plate  XXI,  Pig.  8,  D). 
This  appearance  suggests  that  a  stretching  out  has  taken  place  which 
is  not  due  to  the  simple  extension  of  the  cells.  In  other  cells  the 
rows  of  broad  striations  become  irregular,  often  drawn  down  at  one 
side,  so  that  they  run  obliquely  instead  of  transversely,  as  shown  in 
Plate  XXI,  Pig.  8,  D.  The  sarcoplasmic  discs  are  correspondingly 
irregular  and  appear  only  as  refractive  oval  unstained  bodies,  between 
the  darkly  stained  masses,  as  may  be  seen  in  some  parts  of  Plate  XXI, 
Pig.  7.  In  still  other  fibres  the  lines  of  Briicke  are  so  irregularly 
placed  that  they  cannot  be  said  to  form  lines  at  all.  They  are  scat¬ 
tered  without  order  over  the  degenerating  area,  and  are  separated  by 
the  sarcoplasmic  discs,  which  now  have  no  definite  relation  to  the 
remains  of  the  fibril  bundles.  Some  of  the  discs  have  broken  down, 
leaving  only  a  granular  material.  In  these  areas  the  cell  has  become 
considerably  nairowed,  and  has  the  appearance  of  having  been  very 
much  stretched.  There  are  other  places  in  the  fibres  whei*e  the 
remains  of  the  fibril  bundles  can,  with  difficulty,  be  made  out  (Plate 
XXI,  Pig.  0,  A).  Such  areas  show  simply  an  irregular  mass  which 
stains  faintly,  and  is  made  up  of  the  granular  remains  of  broken  down 
sar(;oplasmic  discs,  along  with  an  occasional  darkly  staining  fragment 
from  the  disintegrated  fibril  bundles.  These  places  tend  to  become 
naiTOwer  in  the  centre  and  show  very  irregular  edges.  It  is  probable 
that  such  a  fibre  would  offer  veiy  little  resistance  to  stretching,  and 
what  appears  to  be  the  last  stage  in  the  process  of  degeneration  is 
often  seen  in  cells  wPicli  are  completely  separated  by  the  breaking 
away  or  absorption  of  this  narrow  central  part  (Plate  XXI,  Pig.  9, 

B).' 

There  thus  seems  to  be  a  definite  process  of  degenei*ation,  which 
begins  with  an  extension  of  the  fibre,  and  ends  in  its  disintegration 
and  separation  into  fractions.  It  seems  certain  that  this  is  a  definite 
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patliologi<’al  process,  presenting  several  stages  in  its  course.  These 
several  stages,  although  running  imperce])tih]y  into  one  anotlier,  may 
he  grouped  in  the  following  way: 

1.  Simple  extension  of  the  fibre  or  part  of  the  fibre,  with  a  length¬ 
ening  and  narrowing  of  the  part. 

2.  Stretching  of  the  fibre,  with  the  production  of  irregularities  in 
the  rows  of  striations  on  the  fibril  bundles,  and  changes  in  the  rela¬ 
tions  of  the  sai’coplasmic  discs  to  the  fibril  bundles. 

3.  A  condition  of  still  greater  irregularity  in  the  distiibiition  of  the 
fragments  of  fibril  bundles,  accompanied  by  a  disappearance  of  some 
of  them. 

4-.  A  disappearance  of  all  the  remains  of  the  fibril  bundles,  leaving 
only  a  mass  of  partly  broken-down  sarcoplasmic  discs. 

o.  Complete  disintegration  with  a  breaking  across  of  the  area. 

Tho  exact  relation  between  this  process  and  the  simple  fragmenta¬ 
tion  in  the  contracted  and  extended  muscle,  aud  segmeutatiou,  is  not 
clear.  The  various  conditions  occur  in  the  same  muscle,  aud  iudet'd 
are  nearly  always  seen  in  the  same  section,  so  that  they  ai’c  obviously 
closely  connected.  The  simple  breaks,  especially  those  in  contracted 
muscle,  do  not  differ  materially  from  fractures’ which  are  sometimes 
caused  artificially,  for  example  in  the  process  of  sectioning.  Histologi¬ 
cally  they  resemble  mechanical  breaks.  In  the  extended  fibre,  frag¬ 
mentation  seems  to  be  a  more  serious  condition ;  for,  as  described  above, 
the  extension  occui’S  in  an  abnormal  way.  In  normal  muscle,  oue 
does  not  find  the  curious  alternation  of  extended  and  contracted  fibres 
which  is  characteristic  of  this  condition,  breaking  is  more  common 
in  extended  fibres  than  in  contracted  ones,  and  this  would  in  all  proba¬ 
bility  he  the  case  if  both  were  caused  by  mechauical  forces. 

In  degenerative  fragmentation,  on  the  other  hand,  the  disintegration 
is  a])])arcntly  a  more  or  less  gradual  process.  AVhen  the  various  states 
are  ])resent  together,  one  does  not  hesitate  to  say  that  the  degenerative 
process  is  the  main  lesion.  It  is  a  much  more  extensive  change  than 
the  others.  In  a  great  many  of  the  specimens  examined,  it  was  found 
in  every  cell  in  the  section,  and  sometimes  in  two  or  more  places  in 
th(‘  same  cell,  a-  shown  in  Jfiate  XX 1,  Figs.  7  and  8.  It  was  found 
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in  practically  all  the  cases  of  fragmentation  which  Avere  examined,  and 
in  the  great  majority  of  cases  was  the  most  conspicr^ons  lesion,  when 
looked  for  with  high  powers.  The  simple  breaks,  althongh  sometimes 
very  nnmerons,  seem  to  be  an  accessory  lesion.  "With  snch  an  exten¬ 
sive  process  of  degeneration  as  that  described,  it  is  cei’tain  that  mnch 
of  the  mnscle  wonld  be  incapable  of  carrying  ont  its  functions.  In 
snch  an  event,  a  great  deal  of  extra  Avork  and  strain  Avonld  be  throAvn 
on  the  remaining  healthy  mnscle.  It  is  conceivable  that  this  nnnsnal 
strain  might  cause  snch  simple  breaks  as  those  described.  A  mechani¬ 
cal  explanation  like  this  is  supported  by  the  fact  that  in  some  cases  of 
fibrous  myocarditis,  Avhere  there  is  a  great  deal  of  mnscle  throAvn  ont 
of  function,  there  is  seen  a  simple  breaking  Avhich  resenddes  in  CA'ery 
pai’ticnlar  that  described.  If  this  be  true,  the  main  lesion  in  fragmen¬ 
tation  of  the  myocardium  is  a  degenerative  process,  the  sarcolytic 
degeneration  described,  Avhile  the  simple  breaks  in  the  various  loca¬ 
tions  are  mechanical  results  of  the  nnnsnal  strain  throAvn  on  the  mnscle 
AAdiich  remains  nndegenerated. 

If  the  entire  condition  of  fragmentation  is  due  to  unfa  voidable 
changes  in  the  nutrition  of  the  cells,  it  is  difficult  to  imagine  that 
simple  breaks  could  be  caused  in  this  Avay.  The  alternating  contracted 
and  extended  fibres  might,  hoAveA’er,  arise  from  such  a  condition,  al¬ 
though  the  exact  mauuer  in  Avhich  this  could  occur  is  far  from  clear. 
"Whether  the  changed  nutrition  renders  certain  parts  of  the  fibi*e  in¬ 
capable  of  responding  to  a  stimulus;  or  Avliether  it  acts  as  a  stimulus  to 
other  parts,  leaving  the  areas  between  in  an  extended  condition,  can 
only  be  the  subject  of  hypothesis.  The  degenerative  process,  hoAV- 
ever,  must  be  due  to  some  definite  nutritive  change,  and,  if  this  be  so, 
the  most  ])lansible  explanation  of  the  sinpde  breaks  is  a  mechanical 
one. 


MUSCLE-CELL  nEGEXEE-ATION  FOUXD  IX  FIBROUS  AIA'OC.VRDITIS. 

Iluchard*  describes  the  muscle-cell  in  fibrous  myocarditis  as  un¬ 
dergoing  atro})hy,  and  A’esicular  or  vacuolar  transformation.  Both 
conditions  arc*  found  at  the  ])eriphery  of  the  islands  of  muscle  Avhich 

*  IT.  tlnchard.  Etude  cliiiique  de  la  cardio-sclerose,  Revue  <Ie  Mcdeciue,  1S92, 
xii,  421  et  seq. 
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are  formed  by  the  connective  tissue  growth.  In  vacuolar  transforma¬ 
tion  the  muscle-cells  appear  empty  in  the  centre  so  that  in  transverse 
section  they  haA^e  a  ring-like  appearance.  In  a  later  stage  the  cell  dis¬ 
sociates.  According  to  Iluchai’d,  this  vacuolar  degeneration  is  noth¬ 
ing  more  than  an  oedema  of  the  cardiac  fibre. 

According  to  Bard  and  Philippe,*  the  interstitial  growth  of  con- 
nectAe  tissue  is  mainly  around  the  A^essels.  The  muscle  fibres  undergo 
a  ‘‘  fragmentary  degeneration  ”  and  there  is  an  increase  in  the  pigment. 

There  are  generally  recognized  in  fibrous  myocarditis  Bvo  processes, 
the  disappearance  of  muscle-cells,  and  the  overgroAvth  of  neAvly  formed 
connective  tissue.’  The  latter  process,  Avhich  is,  as  pointed  out  by 
'Weigert,  jirobably  a  secondaiw  one  compensating  for  the  loss  of  the 
more  highly  differentiated  muscle-cells,  consists  in  a  proliferation  of 
connectiA’e  tissue  from  the  already  formed  tissue  cells.  Its  main 
growth  seems  to  be  from  the  connective  tissue  of  the  blood-vessels. 
These  areas  appear  as  localized  patches,  or  strands  of  grayish  tissue 
scattered  over  the  muscle,  and  may  be  the  seat  of  calcification. 

In  a  cross  section  of  a  fibrous  patch  one  sees  islands  of  muscle  fibres, 
separated  by  the  ingrowing  connective  tissiie.  At  the  periphery  of 
these  islands,  there  are  always  to  be  seen  cells  which  appear  Avith  the 
low  poAver  to  be  empty  in  the  centre,  as  Iluchard  has  said.  AVith  a 
higher  magnification,  hoAvever,  these  cells  shoAv  all  stages  of  a  A'ery 
definite  process  of  degeneration. 

Appearances  met  xoitli  in  cross  section. — When  compared  Atith  the 
normal  tissue,  there  are  some  cells  in  Avhich  the  central  undifferen¬ 
tiated  sarcoplasm  is  someAvhat  increased.  This  sai'co])lasm,  like  that 
in  normal  cells,  consists  of  small  discs.  In  other  cells,  a  large  mass 
of  these  discs  is  present  in  the  centre,  suiTounded  by  a  very  much  di¬ 
minished  number  of  fibril  bundles.  This  mass  is  usually  quite  irregu¬ 
lar  in  form  but  its  position  is,  roughly  speaking,  in  the  centre  of  the 
cell.  One  also  finds  cells  Avhere  there  is  only  a  single  roAV  of  fibril 
bundles  around  the  periphery  Avhile  the  rest  of  the  cell  is  made  up  en¬ 
tirely  of  sarcoplasmic  discs  (Plate  XXII,  Fig.  10,  A).  Another  ap¬ 
pearance  often  met  Avith  is  shoAvn  in  Plate  XXII,  Fig.  11,  Avhere  the 

*  L.  Bard  and  Cl.  I’hilippe,  De  la  myocardite  interstitielle  chroniqiie,  ihiiL, 
1891,  xi,  345. 
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fibril  bundles  have  entirely  disappeared,  leaving  only  the  discs.  The 
nucleus  of  a  cell  at  this  stage  is  generally  abnormal  also.  It  shows 
irregiTlarities  in  outline  and  an  abnormal  distribution  of  the  chromatin. 
In  very  severe  cases,  the  sarcoplasmic  discs  themselves  tend  to  break 
down  and  become  irregular.  This  was  particularly  noticed  in  a  heart 
in  which  the  fibrous  areas  had  become  hard  and  infiltrated  with  inor¬ 
ganic  material.  As  shown  in  Plate  XXII,  Pig.  12,  these  cells  become 
very  small,  and  are  markedly  different  from  the  nearly  normal  cell  in 
the  same  figure.  I'here  are  sometimes  seen,  as  shown  in  Fig.  10,  B, 
large  spaces  in  the  cell.  These,  however,  are  not  constantly  present, 
and  are  not  a  part  of  the  pi’ocess  described. 

Appearances  met  icith  in  longitudinal  section. — In  longitudinal  sec¬ 
tion  one  finds  a  structure,  which  corresiionds  very  closely  with  that 
described  in  cross  section.  There  are  cells  which  present  only  peri¬ 
pherally  disposed  fibril  bundles,  and  show  a  marked  increase  in  the 
central  perinuclear  sarcoplasm.  Here,  also,  is  particidarly  well  seen 
tlie  great  increase  in  pigment  around  the  nucleus.  As  represented  in 
Plate  XXII,  Fig.  13,  other  cells  are  found  which  show  no  fibril  bun¬ 
dles  at  all.  They  are  made  up  entirely  of  sarcoplasmic  discs,  with  a  con¬ 
siderable  amount  of  pigment  near  the  nucleus.  The  connective  tissue, 
which  surrounds  these  fibres,  presses  closely  upon  them,  and  it  is  some¬ 
times  diffimdt  to  say  where  the  muscle  stops,  and  the  connective  tissiie 
begins.  Muscle-cells  similar  to  this  Inxt  much  smaller  are  also  seen 
(Plate  XXII,  Fig.  14).  The  pigment  is  still  abundant,  and  the  eell 
itself  has  become  spindle-shaped,  owing,  perhaps,  to  the  pressixre  of  the 
conneetive  tissue.  Its  structure  is  irregular  and  the  discs  show  signs  of 
breaking  up.  Finally,  one  sees,  as  represented  in  Plate  XXII,  Fig. 
15,  long  spindle-shaped  spaces  in  the  connective  tissue,  which  contain 
only  the  muscle  pigment  surrounded  sometimes  by  the  remains  of  the 
cell  protoplasm. 

It  will  be  seen  from  the  above  objective  description,  that  there  is  in 
the  heart-muscle  of  fibrous  myocarditis  a  degeneration  which  runs  a 
definite  eourse.  The  normal  muscle-cell,  which  is  almost  entirely 
filled  with  fibiil  bundles,  xmdergoes  a  change  which  begins  with  those 
most  eentrally  placed.  The  process  of  disintegTation  and  solution 
28 
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goes  on  from  within  ont,  nntU  there  is  left  only  a  single  row  of  fibril 
bnndles  at  the  periphery  of  the  cell.  There  are  often  gTeat  irrcgn- 
larities  in  the  disappearance  of  the  fibril  bnndles,  bnt  the  general  ten¬ 
dency  is  for  them  to  disappear  first  in  the  central  part  of  the  cell.  At 
a  later  stage  the  peripherally  situated  fibril  bnndles  become  small  and 
disap])ear,  leaving  a  cell  which  consists  only  of  sarcoplasmic  discs,  or 
what  corresponds  to  the  so-called  nndift'erentiated  sarcoplasm.  Snch 
a  c(dl  is  nsnally  more  or  less  rhomboidal,  bnt,  as  the  ])rocess  goes  on 
further,  it  becomes  distinctly  spindle-shaped.  The  size  diminishes 
gradnally,  nntil  finally  there  is  nothing  left  bnt  the  detritus  and  a 
greatly  increased  anionnt  of  pigment. 

Snch  a  process  as  this means  little  in  itself,  bnt  if  it  be  considered  in 
connection  with  the  process  of  histogenesis  which  has  been  described, 
there  seems  to  be  a  most  interesting  relation  between  them.  It  will 
be  remembered  that  the  cardiac  cell  ap])ears  first  as  a  spindle-shaped 
strnctnre,  containing  an  irregnlar  network,  which  tends  to  become 
more  regnlar  as  the  development  goes  on.  Seen  in  ci’oss  section,  it 
presents  a  nnmber  of  discs  which  were  spoken  of  as  sarco])lasmic  discs. 
Some  of  these  break  np  into  smaller  ones,  and  between  them  there  is 
an  accnmnlation  of  the  network  to  form  filml  bnndles.  These  filnll 
bnndles  form  first  at  the  ])eripliery  of  the  cell,  and  gradnally  develop 
toward  the  centre  nntil  the  fibre  is  com])lete.  It  will  be  noticed  that 
the  last  strnctnres  to  develop  are  the  fibril  bnndles  at  the  centre  of  the 
cell,  and  as  described  above  the  first  strnctnres  to  degenerate  are  fibril 
bnndles  in  this  same  central  position.  The  degeneration  goes  from 
the  centre'  ont,  while  tbe  develo])ment  has  occniTcd  from  the  perijihery 
in.  One  very  marked  stage  in  the  histogenesis  is  that  in  which  the 
cells  have  a  single  row  of  fibril  bnndle  aronnd  tlie  periphery,  and  ex¬ 
actly  the  same  stage  is  observed  in  the  degeneration.  Even  in  the 
later  stages  of  the  degeneration  the  cells  show  a  marked  resemblance  to 
the  earlier  stages  of  develojnnent.  The  earliest  developmental  stage 
shows  a  s])indle-sha])cd  cell  with  simple  sarcoplasmic  discs,  while  one 
of  the  later  stages  of  the  degem'ration  conld  be  described  in  mnch  the 
same  way.  In  short,  the  ])rocess  of  degeneration  is  approximately  a 
reversal  of  the  developmental  process.  Tbe  first  strnctnres  to  be 
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forniecl  are  the  last  to  degenerate,  and  the  last  ones  to  develop  are  the 
first  to  disappear.  AlthoiTgh  it  has  to  do  with  the  internal  structure 
of  a  cell,  this  process  is  a  striking  example  of  a  principle  which  seems 
to  hold  in  a  number  of  instances,  namely,  that  the  most  highly  differ¬ 
entiated  tissues,  or  parts  of  an  organ,  tend  to  degenerate  first. 

In  conclusion,  I  wish  to  thank  Dr.  Flexner  for  the  kind  interest 
which  he  has  taken  in  this  study,  and  for  his  many  helpful  suggestions. 

I  am  also  indebted  to  Mr.  Eggers  of  this  laboratory  for  the  care  with 
which  he  has  prepared  photographs  for  me. 

DESCRIPTION  OF  PLATES  XXI  AND  XXII. 

Plate  XXI. 

Fig.  1.  Longitudinal  section  of  normal  adult  human  heart  muscle. 
S,  sarcoplasmic  discs;  F,  fibril  bundles;  K,  Krause’s  membrane;  A,  the  junc¬ 
tion  of  two  sarcoplasmic  discs. 

Fig.  2.  Transverse  section  of  normal  adult  human  heart  muscle.  8,  sar¬ 
coplasmic  discs;  C,  central  sarcoplasmic  mass;  F,  fibril  bundles;  A,  junc¬ 
tion  of  two  sarcoplasmic  discs.  The  section  is  through  a  part  of  the  cell, 
either  above  or  below  the  nucleus. 

Fig.  :i.  Transverse  section  of  heart-muscle  cells  from  a  pig  embryo  10  mm. 
long.  /S',  sarcoplasmic  disc. 

Fig.  4.  Transverse  section  of  heart-muscle  cells  from  a  pig  embryo 
20  mm.  long.  F,  fibril  bundles;  8,  sarcoplasmic  disc. 

Fig.  5.  Longitudinal  section  of  parts  of  two  cardiac  muscle  cells  sepa¬ 
rated  by  a  cement  line.  A  is  extended,  JS  contracted  muscle. 

Fig.  (i.  Longitudinal  section,  showing  a  breah  in  the  contracted  muscle 
in  -i  and  a  break  in  the  extended  fibre  in  li. 

Fig.  7.  Alicrophotograph  of  longitudinal  section  of  heart  muscle  show¬ 
ing  the  degeneration  of  fragmentation.  x“00. 

Fig.  8.  Longitudinal  section  of  heart  muscle  showing  the  earlier  stages 
of  degeneration.  A.  extended  miu.cle;  B,  degenerated  area;  C,  cement  line. 

Fig.  !).  Longitudinal  section  of  heai’t  muscle,  preseuting  later  stages  of 
degeneration.  The  fibre  B  is  broken  aeross  as  a  result  of  the  degeneration. 

Plate  XXI  I. 

Fig.  10.  Transverse  section  of  degenerating  muscle  fibres  in  fibrous 
myocarditis.  A,  cells  in  which  the  perii)heral  fibril  bundles  remain.  The 
rest  of  the  cell  is  made  up  of  sarcoplasmic  discs.  B,  a  cell  which  shows 
large  spaces  or  vacuoles. 

Fig.  11.  Transverse  section  of  degenerating  muscle  fibres  in  fibroiis  mj'o- 
cardifis.  The  cells  at  the  edge  are  normal;  the  central  one  has  lost  all  its 
fibril  bundles. 
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Fig.  12.  Traiisvei'se  section  of  an  area  of  heart  muscle  infiltrated  with 
inorganic  material  in  a  ease  of  fibrous  myocarditis.  .1,  connective  tissue 
re})laeed  jiartly  by  inorgauie  material.  At  the  left  hand  of  the  figure 
muscle  cells  are  shown  in  various  stages  of  degeueration. 

Figs.  13,  14  and  15.  Longitudinal  sections  of  degenerating  fibres  in 
fibrous  mjocarditis.  The  fibril  bundles  have  all  disaxjpeared.  In  14  the 
cell  has  become  somewhat  spindle-shaped,  and  in  15  only  the  pigment 
granules  and  a  suggestion  of  sarco])lasin  remain. 
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CTjj;rrKEs  FEO^ki  the  blood  ix  septicaemia,  PXEU- 

JilOXIA,  MEXIXGITTS  AXD  CIIHOXIC  DISEaVSES. 


By  franklin  WARREN  WHITE,  M.  D. 

{^From  the  Puthological  Lahorutonj  of  the  Jfaexachusette  General  Hoepilal.) 

The  value  aud  significauce  of  haoteriological  examinatiou  of  the 
blood  are  so  evident  that  many  observations  by  this  method  have  been 
made  in  the  last  twenty  years  in  an  endeavor  to  throw  light  on  the 
etiology  and  course  of  infectious  diseases.  The  object  of  such  inves¬ 
tigations  is  not  wholly  theoretical,  but  is  also  practical  as  a  means  of 
diagnosis,  prognosis,  and,  possibly,  treatment.  The  results  obtained 
have  been  varied  and  contradictory,  which  is  probably  due  in  part  to 
faulty  methods.  The  old  method  of  pricking  the  skin  and  using  a 
few  dro]is  of  blood  for  culture  has  the  disadvantage  that  too  small  an 
amount  of  blood  is  used  to  find  the  bacteria  if  they  are  few  in  numbei*, 
and  that  it  involves  great  danger  of  contaminating  the  cultures  with 
bacteria  from  the  skin.  The  later  method  of  aspiration  of  a  superficial 
vein  by  cannula  or  sterile  syringe  has  the  advantage  of  furnishing  a 
satisfactory  amount  of  blood  for  examination  and  lessening  the  dan¬ 
gers  of  contamination.  The  method  of  Petruschky  (IT),  namely, 
blood-letting  by  means  of  a  wet  cup,  is  more  complicated  and  less 
satisfactory  than  the  latter  method.  Direct  animal  inoculation  with 
blood  from  a  patient,  as  used  by  Petruschky  and  others,  is  not  always 
reliable  as  compared  with  cultures  on  suitable  media. 

Until  recently  post-mortem  findings  have  been  considered  of  equal 
significance  with  intra-vital  ones,  but  there  is  no  question  that  cul¬ 
tures  during  life,  in  spite  of  incompleteness  of  methods,  furnish  a 
better  indication  of  general  blood  invasion  during  disease  than  autoi)sy 
reports,  as  the  latter  do  not  exclude  agonal  and  post-mortem  inva¬ 
sions.  AVyssokowitsch  (02),  as  a  result  of  his  studies  on  the  filtering 
of  bacteria  out  of  the  blood  by  the  liver  and  kidneys,  stated  that  in 
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ail}'  ordinary  course  of  infection  the  invading  bacteria  would  be  so 
quickly  and  completely  separated  from  the  blood  that  there  would 
be  very  small  chance  of  finding  them  by  methods  of  blood  culture. 
Many  other  observers,  on  the  contrary,  have  found  bacteria  in  the 
blood  in  a  large  ])ercentage  of  cases  examined  and  have  probably  over¬ 
estimated  the  significance  of  these  results  and  the  value  of  blood 
cultures  as  a  means  of  diagiiosis  in  infectious  diseases. 

Our  own  observations  extend  over  a  series  of  92  cases,  consisting  of 
IS  cases  of  severe  sepsis,  19  cases  of  lobar  and  lobular  pneumonia  due 
to  the  pneumococcus,  S  cases  of  e])idemic  cerebrospuial  meningitis, 
37  cases  of  severe  chronic  disease,  and  10  miscellaneous  fatal  cases. 
Cultures  were  made  during  life,  usually  in  the  later  stages  of  disease, 
and  in  many  of  the  cases  as  soon  as  possible  after  death  (one-half 
hour).  The  cultures  in  cases  of  septicaemia,  pneumonia  and  men¬ 
ingitis  were  made  in  order  to  find  out,  if  possible,  how  frequently,  in 
addition  to  toxine  absorption,  the  blood  was  invaded  by  the  specific 
organism  of  the  disease;  also  the  time  of  occurrence  of  such  general 
invasion,  and  its  relation  to  mortality. 

In  the  cases  of  chronic  disc“ase  the  culture's  were  made  both  before 
and  after  death  to  determine  the  fre'epiency  of  general  blood  invasion 
in  the  late  stages  of  disease,  and  during  the  last  few  hours  of  life — 
the  so-called  “  terminal  infections  ”  and  “  agonal  infections.” 

Methods. — The  blood  was  obtained  during  life  as  follows:  The  skin 
about  the  elbow  was  carefully  scrubbed  with  soaj),  water,  alcohol  and 
ether  and  a  tight  bandage  was  tied  around  the  np])cr  arm  to  distend  the 
veins  about  the  elbow.  One  of  the  large  su])ei-lieial  veins  was  aspirated 
with  a  sterile  glass  syringe  (an  ordinary  glass  antitoxin  syringe,  with 
asbestos  packing  and  a  two-inch  needle  of  rather  small  bore,  was  used) 
and  .)  ec.  of  blood  withdrawn.  The  as])iration  was  rendered  practically 
painless  by  use  of  an  ethylchloride  S])ray;  O..")  cc.  of  the  blood  was  forced 
directly  from  the  syringe  into  each  of  eight  tubes  of  agar,  kept  fluid  at 
the  bedside  at  a  temperature  of  -12°  (’.  I’lie  blood  was  thoroughly  mixed 
with  the  agar  and  four  of  the  tubes  slanted  and  cooled.  The  other  four 
M'cre  plated.  3'wo  bouillon  tid)es  were  each  inoculated  with  d..'*  ce.  of 
the  blood.  The  ])lates  and  tubes  were  kept  in  the  tliermostat  at  body 
teni])erature  and  e.xaniined  at  intervals  for  several  days. 
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Blood  was  obtained  after  death  by  aspiration  of  the  heart.  The  skin 
was  prepared  in  the  same  manner  as  during  life  and  the  same  syringe 
used,  with  a  longer  (3^  inch)  needle,  which  Avas  thrust  through  the  4th 
costal  interspace  close  to  the  sternum  (to  avoid  the  lung)  into  the  right 
or  left  ventricle  of  the  heart  and  5  cc.  of  blood  withdrawn  and  planted 
in  cidtures  as  Just  described.  As  the  needle  in  this  method  passes 
through  the  pericardial  and  probably  the  pleural  cavity  on  the  way  to 
the  heart,  blood  was  taken  after  death  only  in  cases  where  these  cavities 
were  not  infected.  One  to  three  specimens  of  blood  were  taken  in  each 
case.  The  time  of  taking  the  blood  was  from  10  days  before  to  one- 
half  hour  after  death  in  the  fatal  cases,  or  at  intervals  of  several  days 
during  the  height  of  disease  in  the  cases  which  recovered. 

The  bacteria  found  in  the  cidtures  were  identified  by  microscopical  ex¬ 
amination,  groAvth  on  various  media  and  a  comiiarison  ivith  the  or¬ 
ganisms  found  in  metastases  or  at  autojisy.  In  the  large  number  of  cul¬ 
tures  made  contaminations  were  relatively  few  and  easily  recognized  by 
their  distribution  and  character  of  growth  on  the  media. 


I. — SEI’TIC.TiMIA.  rXEUMOXIA.  MEXIXGITIS. 

Before  describing  our  own  results  ive  will  briefly  review  the  more  im¬ 
portant  previous  ivork  ou  these  subjects.  Septicagmia  has  furnished  a 
fruitful  field  for  observation. 

(Jarre  (25),  Rosenbach  (51),  Brunner  (10),  and  Blum  (T)  report  single 
]tositive  results  of  blood  cultures  in  cases  of  sei)ticaMuia.  A  few  drops 
of  blood  were  taken  during  life  by  ])ricking  the  finger.  Brieger  (9)  in 
six  severe  cases  of  pueri)eral  sepsis  took  blood  from  a  vein  during  life 
and  obtained  in  each  negative  results.  (Izerniewski  (Ki),  using  blood 
from  finger  and  vein,  in  3T0  cultures  from  37  cases  of  puerperal  sepsis 
obtained  positive  results  in  only  15  tubes  from  10  cases;  all  the  severe 
cases  gave  pure  cultures  of  streptococci.  Sivngc'r  (52)  found  staphylo¬ 
cocci  in  blood  taken  from  a  A’ein  in  four  cases  of  sepsis. 

Later  observers  urged  the  necessity  of  using  larger  ([uantities  of  blood 
(1  to  5  cc.)  for  cultures  owing  to  the  small  number  of  bacteria  ju’esent 
in  tlie  blood.  The  method  of  venous  asjtiration  with  a  syringe  was  in¬ 
troduced  with  varying  results.  Blum  found  Staphylococcus  albus  in 
two  cases  of  se])sis  several  days  before  death.  Canon  (11),  in  addition 
to  ])ositiA'e  results  in  10  out  of  70  cases  of  sepsis,  pyamiia,  and  osteomye¬ 
litis,  where  blood  was  taken  sevei’al  hours  after  death  from  an  arm  vein, 
obtained  11  positive  results  in  17  of  these  cases  during  life,  usually  2  or 
3  days  before  death  in  fatal  cases,  lie  believes  that  bacteria  are  ])resent 
in  the  blood  of  almost  all  cases  of  sepsis  in  the  late  stages  of  disease. 
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and  groAV  and  increase  in  the  blood  in  some  cases.  Microli  (39)  found 
Stai)hyloeoccus  ])yogenes  albus  in  eacli  of  bis  four  cases  of  septicaemia 
during  life.  Parascandolo  (4G)  examined  eight  cases  of  pyaunia  and 
found  pyogenic  streptococci  in  blood  during  life  in  each.  Hirschlatf 
(31)  in  eight  cases  of  local  and  general  se})sis  found  staphylococci  or 
streptococci  in  seven.  Sittmann  (53)  found  staphylococci  or  streptococci 
in  each  of  nine  cases  of  se])tico-pya?mia  frdm  six  hours  to  fifteen  days 
before  death,  and  believes  that  pus  organisms  are  always  present  in  the 
blood  in  such  cases,  and  that  blood  cultures  are  the  surest  means  of  diag¬ 
nosis.  He  concludes  that  Canon’s  observation  that  streptococci  are 
found  in  the  blood  only  a  few  days  before  death  was  due  to  faulty 
methods. 

In  contrast  to  these  abundant  positive  findings  other  observers  using 
larger  amounts  of  blood  and  better  methods  have  found  specific  bacteria 
present  in  the  blood  in  a  smaller  percentage  of  their  cases.  After  al¬ 
lowing  for  individual  differences  in  patients,  the  siispicion  of  contami¬ 
nation  in  the  earlier  cases  is  inevitable.  Many  of  the  observers  have 
not  taken  into  consideration  the  demonstration  by  Welch  (58)  of  the  fre¬ 
quent,  if  not  constant,  presence  in  the  deeper  layers  of  the  epidennis 
and  in  the  glandular  ap])endages  of  the  skin  of  the  white  staphylococcus 
and  of  the  inability  to  destroy  this  organism  by  ordinary  methods  of  cu¬ 
taneous  disinfection.  Welch  has  called  attention  to  the  absence  of  diag¬ 
nostic  significance  aftaching  fo  the  demonstration  of  ordinary  cutaneous 
bacteria,  particularly  white  staphylococci,  in  blood  withdrawn  by  cutting 
or  pricking  the  skin. 

It  is  interesting  to  note  that  Petruschky  (47)  using  a  rather  objection¬ 
able  method,  obtaining  the  blood  for  cultures  by  means  of  wet-cupping, 
in  59  cases  of  sepsis  obtained  only  17  ])ositive  residts:  stre])tococci  15 
times,  staphylococci  twice.  Neumann  (42)  in  5  cases  of  i)y{cmia,  using 
large  amounts  of  blood  from  an  arm  vein,  oldained  negative  results. 
E.  Grawitz  (2())  in  7  cases  of  endocarditis  found  i)yogenic  cocci  in  the 
blood  only  once.  Kraus  (33)  in  88  cases  of  infectious  disease  (j)ueri)eral 
fever,  endocarditis,  tuberculosis)  found  stajdiylococci  or  streidococci  in 
the  blood  in  17  eases.  In  a  second  series  of  104  cases  of  infectious  dis¬ 
ease  using  a  i)ointed  bent  hollow  needle  and  taking  the  blood  directly 
from  the  vein  to  the  culture  media,  he  obtained  only  12  ])ositive  results; 
22  of  these  cases  were  se])tica?mia,  erysipelas  and  endocarditis,  and  these 
gave  7  positive  results.  He  enqihasizes  the  fact  that  ])ositive  blood  cid- 
tures  to  he  of  diagnostic  value  must  be  of  “specific  bacteria,”  whose 
nature  excludes  the  po.ssihility  of  fheir  being  contaminations.  Kiihnau 
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(34),  \ising  10  cc.  of  blood  taken  from  a  vein  through  a  cannula  directly 
to  the  culture  media,  in  45  cases  of  septica?mia  and  local  purulent  in¬ 
fections  obtained  4  positive  residts,  and  in  ?(>  cases  of  endocarditis  2 
positive  results.  In  a  considerable  number  of  cases  he  made  cultures 
of  blood  obtained  by  the  old  method  of  pricking  the  finger,  as  well  as 
by  aspiration  of  a  vein.  The  results  obtained  furnish  an  interesting 
commentary  on  the  unreliability  of  the  earlier  method.  In  23  cases 
of  septico-])ya2mia  three  positive  results  were  obtained  by  the  venous 
aspiration  method;  in  18  of  these  cases  the  finger  blood  was  examined, 
in  12  staphylococci  were  found.  In  12  cases  of  ulcerative  endocarditis, 
Staphylococcus  pyogenes  aureus  was  foiind  once  in  venous  blood,  while 
bacteria  were  found  11  times  in  tlie  finger  blood.  Ilewelke  (30),  in  ex¬ 
amining  febrile  cases  of  phtbisis,  found  pus  organisms  in  blood  from  the 
finger  in  14  cases  out  of  27,  and  3  times  out  of  27  where  the  blood  was 
taken  by  puncture  of  a  vein. 

In  contradiction  to  the  belief  of  these  last-named  authors,  that  even  in 
severe  septic  cases  only  a  relatively  small  number  of  bacteria  circulate  in 
the  blood,  is  the  statement  of  Xoeard  (43)  that  directly  after  taking  food 
an  abundant  ])assage  of  bacteria  occurs  from  tlie  intestinal  canal  to  the 
blood  by  means  of  the  chyle.  This  was  confirmed  Ijy  Desoulwy  and 
I’orcher  (17)  in  experiments  upon  dogs.  A  number  of  clinicians  have 
considered  the  intestine  the  starting  point  of  bacteria  in  various  infec¬ 
tions  through  tlie  blood.  Tavel  (55)  in  strumitis,  A.  Czerny  (15)  in 
certain  skin  diseases,  Posner  and  Lewin  (48)  in  “  cryptogenetic  se])ti- 
caunia,"’  and  Fischl  (18)  in  septicamiia  in  infants.  The  passage  of  bac¬ 
teria  into  the  blood  by  means  of  the  chyle  has  been  disproved,  however, 
by  the  later  work  of  Xeisser,  Kiihnau  and  others.  Xeisser  (40)  investi¬ 
gated  the  chyle  of  large  dogs  by  tying  a  cannula  in  the  thoracic  duct 
and  found  it  uniformly  sterile  even  after  feeding  the  dogs  abundantly 
with  bacteria.  Kuhnau  obtained  a  similar  residt  in  five  dogs.  Xeisser 
found  the  mesenteric  glands  of  large  animals  sterile.  Fodor  (20)  has 
shown  that  the  blood  of  normal  animals  is  sterile  and  Meissner  (37)  and 
Hauser  (28)  that  the  organs  are  sterile. 

lilood  cultures  made  in  cases  of  jmeumonia  by  several  authors  indicate 
that  a  general  blood  invasion  by  the  pneumococcus  occasionally  occurs 
during  life.  Pelfanti  (4)  in  “  many  ”  cases  (number  not  given)  ob¬ 
tained  6  positive  results;  five  of  these  i)roved  fatal,  lloulay  (8)  of  four 
cases  found  pneumococci  in  two  a  few  hours  after  death.  Friedliinder 
(23)  in  0  cases  had  one  ])ositive  result.  Sittmann  (53)  in  Ki  cases  ob¬ 
tained  (!  positive  results  (in  2  of  which  pneumococci  were  found  only 
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in  stained  s])eciinens  of  blood,  not  in  cultures).  Of  the  18  negatiA'e 
cases  2  died;  of  the  6  positive  cases,  4  died.  The  positive  results  were 
obtained  from  one  to  seventeen  days  before  death  in  the  fatal  cases. 
Kraus  (33)  in  T2  severe  cases  of  pneumonia  found  the  pneumococcus 
once,  one  day  before  death;  of  11  negative  cases  10  recovered.  Kohn 
(32)  in  32  cases  found  pneumococci  in  the  blood  of  9:  T  of  the  positive 
cases  died  and  2  recovered  after  metastatic  pneumococcus  infections;  of 
13  negative  cases.  8  recovered.  Excluding  two  cases  dying  of  comjdica- 
tions,  we  find  that  a  considerable  majority  of  the  negative  cases  recovered 
and  of  the  ])ositive  cases  died.  He  concludes  that  the  presence  of  pneu¬ 
mococci  in  the  blood  gives  a  very  unfavorable  ])rognosis.  The  ])ositive 
results  were  obtained  only  24  to  48  hours  before  death  in  the  fatal  cases. 
Kiilinau  in  9  severe  cases  found  ])neumococci  in  two  cases,  both  fatal. 
Another  fatal  case  was  negative. 

An  epidemic  of  cei'ebrospinal  meningitis  was  in  jn-ogress  at  the  time 
of  our  blood  investigation  and  cultures  were  made  in  eight  cases. 
Weichselbaum  (51).  Xetter  (41).  Ilcmbner  (29),  Councilman  (14)  and 
others  have  studied  the  disease  and  do  not  find  the  s])ecific  organism, 
Diplococcus  intracellularis,  at  autopsy,  except  in  connection  with  the 
lesions  ot  the  disease,  and  conclude  from  post-mortem  cultures  of  the 
blood,  liver,  sjdeen.  and  kidneys  that  it  never  ])roduces  se])ticiXMnia.  The 
abdominal  and  thoracic  organs  are  fre([uently  found  sterile  at  autopsy.''' 

..My  own  observations  embrace  IN  eases  of  severe  sepsis  (7  apjiendi- 
citis  with  general  ])eritonitis,  2  [)hlegmon  of  leg,  2  septic  wounds,  1 
osteoinyeliris,  1  sipipurative  ]>eriostitis,  1  suppurative  nephritis,  1 
facial  erysi])elas,  1  abscess  of  tin*  a])])en(lix,  1  enipyeina),  all  of  wliich 
were  fatal,  and  eight  of  which  were  autopsi(‘d.  They  are  chietly  cases 
of  .<evere  local  se])tic  infection  without  formation  of  metastatic  ab¬ 
scesses,  only  one  case  being  ])ya‘mic.  In  the  IN  cases,  37  blood  cul¬ 
tures  were  made  and  s])ecific  bacteria  were  fouml  in  the  blood  during 
life  only  four  times — Stre[»foc(jceus  ])yogenes  in  pun'  cnltui'e  three 
times  and  Staphyldcoccus  pyogenes  aureus  in  i)ure  culture  once.  AVe 
give  a  brief  descri])tion  of  the  four  jxisitive  cases: 


■"  Kince  the  (•()inj)letion  of  tliis  article  (iwvii  (Hiillrtiii  of  the  .fotui.s  Hopkins 
Hospilnl,  ISOit.  X.  11:*)  has  re])orte(l  a  ease  of  e|)i(le7iiie  eerel)ros])ii)al  ineiiin- 
f>itis  ill  wliicli  (liirinf>'  life  he  obtained  in  pare  eiiltiire  Diploeoeens  intraeel- 
liilaris  meningitidis,  not  only  from  tinid  withdrawn  by  lumbar  jmnelnre. 
bat  also  from  the  blood  and  from  the  tinid  asjiirated  from  an  intlamed  joint. 
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Case  I. — Plilegmon  of  both  legs  following  amputation  of  feet.  Cul¬ 
ture  from  leg  showed  Streptococcus  pyogenes.  Temperature  104°  to 
10.1°  r.;  death  in  9  days.  Blood  culture  0  days  before  death,  negative; 
4  days  before  death,  40  to  GO  colonies  of  Streptococcus  pyogenes  per 
cubic  centimetre.  No  autopsy. 

Case  II. — Su])puratiTe  nepbritis.  Kenal  sym]ttoms  for  4  weeks; 
pyuria.  Temperature  102°  to  103°  F.;  death.  Blood  culture  3  days 
before  death.  2  to  15  colonies  of  Staphylococcus  pyogenes  aureus  per 
cubic  centimetre.  Auto])sy,  58  hours  after  death,  showed  prostatic  hy- 
pertro])hy.  cystitis,  ])yelone])hritis,  ureteritis,  acute  pleiiritis,  abscess  of 
lung.  Cidtures  from  heart,  liver,  kidney,  spleen,  lung,  ureter  showed 
Sta])hylococcus  pyog.  aureus. 

Case  III. — Phlegmon  of  arm.  Culture  showed  Streptococ.  pyog. 
Tem])orature  100°  to  103°  F.;  cervical  adenitis;  death  after  2  weeks. 
Blood  cultures  10  days  before  death,  negative;  2  days  before  death  50  to 
60  colonies  of  Streptococ.  pyog.  per  cid)ic  centimetre;  one-half  hoiir  after 
death  1200  to  1500  streptococci  per  cc.  No  autopsy. 

('ase  IV. — Erysipelas.  Acute  intestinal  obstruction,  laparotomy.  One 
week  later  facial  erysipelas,  local  peritonitis  and  otitis  media.  Tom])era- 
ture  103°  to  104°;  death.  Blood  cultures  5  days  before  death,  negative; 
2  days  before  death,  15  to  20  colonies  of  Stre])tococ.  i\vog.  per  cc.;  tbree- 
quarters  of  an  hour  after  death  20.000  Strei)tococ.  i)yog.  ]H“r  cc.  Au¬ 
topsy  13  hours  after  death  showed  malignant  adenoma  of  sigmoid  flexure, 
circmmscribed  peritonitis  with  multiple  abscess  formation,  double  ])uru- 
lent  otitis  media.  Cultures  from  seal}),  ear,  peritoneum,  liver,  showed 
Streptococ.  ])yog.;  s]deen  sterile. 

In  cacli  of  tlu*  foregoing  eases  tlie  specie's  of  bacteria  causing  the 
initial  lesion  ju-odueed  also  the  general  invasion,  no  heterologous 
organisms  being  found.  In  tlie  two  po.dtive  ease's  in  which  an  auto])sy 
was  performed  the  bae'teria  feuind  in  the  blewd  during  life'  we're'  also 
found  distributed  through  the  organs  at  autopsy'.  The  blood  cultures  in 
the  other  14  eases  were  negative,  in  two  ease's  e»ne  eu-  two  eidturc's  being 
contaniinateel  with  c'ocei  from  the  skin  or  air.  In  the  6  ne'gative  c'ase's 
in  which  an  autopsy  was  ])erfe)rnied,  while  scattere'd  germs  were  founel 
in  certain  of  the  ewgans,  there  was  lu)  evielencc  of  a  general  infection. 
These  facts  spc'ak  we'll  for  the  method  of  blood  culture  emploved  in 
dete'cting  a  gi'iieral  bacterial  invasion  when  it  o(*eurs. 

The  number  of  bacteria  found  per  cubic  ei'iifimetre  during  life 
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was  never  large,  at  most  oO  to  GO  streptococci.  In  two  cases  (III  and 
lY)  there  Avas  a.  great  increase  in  the  nnmber  of  bacteria  found  imme¬ 
diately  after  death  over  the  number  found  two  days  before.  This 
may  be  interpreted  to  mean  either  that  a  growth  of  bacteria  occurred 
in  the  blood  during  the  last  two  days  of  life,  or  that  a  largely  in¬ 
creased  number  were  able  to  enter  the  blood  during  the  last  days  or 
hours  of  life  as  a  result  of  diminished  body  resistance. 

The  time  of  bacterial  im’asion  of  the  blood  was  late  in  the  disease, 
cultures  from  the  fifth  to  tenth  day  in  three  of  the  subsequently  posi¬ 
tive  cases  being  negative.  The  probable  explanation  of  this  is  that 
the  bacteria  did  not  succeed  in  invading  the  blood  till  the  body  resist¬ 
ance  Avas  much  reduced,  this  general  spread  and  growth  of  bacteria, 
accompanied  by  an  increased  production  of  toxines,  together  Avith  the 
loAvered  body  resistance,  leading  speedily  to  a  fatal  ending. 

In  7  cases  in  Avhich  the  blood  Avas  negative  before  death  it  Avas 
examined  also  after  death.  The  cultiu’es  Avere  negatiA'e  in  each  of 
these  instances.  An  autopsy  Avas  ])erformed  in  G  of  these  cases  and 
shoAved  absence  of  any  general  invasion  and  several  sterile  organs  at 
each  autopsy.  Xo  general  agonal  invasion  occurred  in  any  of  these 
patients. 

Our  19  cases  of  tohar  pneumonia.  AA’cre  all  at  least  moderately  severe, 
and  10  were  fatal.  Of  the  latter  9  Avere  autoi)sied.  Thii'ty-two  cul¬ 
tures  Avere  made,  and  in  three  fatal  eases  Diplococcus  pneumonite  Avas 
obtained  from  the  blood  during  life.  AVe  Avill  brielly  descriln.'  the  3 
positive  cases: 

Case  V. — Lobar  pneumonia.  Temperature  103°  to  104°;  delirium; 
death.  Llood  cultures,  3  days  before  deatli,  negative;  one  day  before 
death,  40  to  GO  colonies  of  the  ])neumococcus  ])er  cc.  Autopsy  24  hours 
after  death:  consolidation  of  right  loAver  and  middle  lolies,  right  plei;- 
ritis  witli  effusion.  Cultures  from  liver,  lung,  lieart  and  sjdeeii  shoAved 
])neuuiococci;  kidney  sterile. 

Case  VI. — Acute  bronch()[)neumonia.  Duration  2  Aveeks;  tempera¬ 
ture  100°  to  101°;  cough,  dysjnuea,  ()rtho])n(ea;  slight  (edema  of  ankles; 
vomiting;  three  general  convulsions,  death.  Dlood  cultures  4  days  be¬ 
fore  death  negative;  2  days  before  death,  18  to  30  ])neumococci  ])er  cc. 
Autopsy  3  hours  after  death:  acute  bronchojnieumonia,  acute  fibrinous 
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pericarditis  and  peritonitis,  acute  glomerulonephritis.  Cultures  from 
lung,  heart,  pericardium,  peritoneum,  spleen,  liver  and  kidney  showed 
pneiimococei. 

Case  VII. — Lol)ar  pneumonia.  Duration  8  days;  temperature  101° 
to  103°;  delirium;  death.  Blood  cultures  5  days  before  death,  negative; 

2  days  before  death,  10  to  15  pneumococci  ])er  cc. 

In  two  of  the  positive  cases  at  autopsy  a  general  pneumococcus  in¬ 
fection  was  found;  in  the  third  case  no  autoi)sy  was  performed.  In 
the  8  negative  cases  in  which  autopsy  was  performed,  jmeunux^oeci 
were  found  in  the  lung,  but  there  was  no  evidence  of  a  geiun-al  infec¬ 
tion.  Xo  organism  save  the  pneumococcus  was  found  in  the  blood 
in  any  case.  The  number  of  bacteria  was  not  large,  from  10  to  GO 
per  cc.  The  time  of  general  infection  was  always  late  in  the  dis¬ 
ease,  negative  results  being  obtained  on  the  3d  to  5th  day  before 
death,  and  positive  results  one  to  two  days  before  death. 

Our  8  cases  of  cerehrospinal  meningitis  were  all  severe  and  G  of 
them  fatal.  An  autopsy  was  performed  in  4  cases  and  diplococci 
found  in  the  meninges;  in  one  case  they  were  identified  as  Diplococcus 
intracelhilaris  meningitis.  Ao  pathogenic  bacteria  were  found  in  the 
blood  cultures.  In  5  cases  blood  cultures  were  made  shortly  after 
death,  and  all  proved  sterile.  The  thoracic  and  abdominal  viscera 
were  found  sterile  in  three  out  of  four  autopsies.  In  the  other  case 
(.Vo.  II),  a  culture  shortly  after  death  was  sterile,  while  at  autopsy 
miscellaneous  bacilli  and  cocci  were  found  in  the  organs.  Their 
presence  was  probably  the  result  of  post-mortem  invasion. 

In  reviewing  our  cases  with  reference  to  frecpiency  of  invasion,  it 
is  seen  that  our  results  in  septiciemia  are  in  accoi*d  with  those  of  later 
observers,  such  as  Xemmanu,  Kraus,  and  Kiihnau;  we  have  not  obtained 
the  fretpient  positive  rc'sults  of  the  earlier  investigators.  Our  series 
of  fatal  se[)ti(*  affections  proved  to  be,  for  the  most  pai’t,  cases  of 
intoxication,  with  rc'sorption  of  toxines  produced  by  bacteria  growing 
in  a  local  primary  focus,  and  only  in  a  small  proportion  of  cases  did 
the  organisms  enter  the  general  eii’culation.  4  he  frecpiency  of  gen¬ 
eral  invasion  in  our  pneumonias  is  similar  to  that  in  the  cases  of  Kohn, 
Kiihnau,  and  Kraus. 
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Tvegai’diiig  the  relation  of  general  infection  to  mortality,  no  con¬ 
clusion  can  be  drawn  from  onr  septic  cases,  save  that  a  large  per¬ 
centage  may  die  without  general  infection.  On  the  other  hand, 
several  anthors  have  found  bacteria  in  the  blood  in  cases  of  septicaemia 
which  ultimately  recovered.  Bernheim  (5),  in  2  such  cases,  found 
streptococci;  Sittmann,  in  5  cases,  fonnd  staphylococci;  Petnischky, 
in  8  cases,  fonnd  streptococci  of  “  high  virnlence.”  All  onr  cases  of 
pnenmonia  with  positive  blood  cnltnres  died,  while  9  negative  eases 
recovered  and  8  negative  cases  died;  or,  to  pnt  it  in  another  way,  a 
general  invasion  was  fonnd  in  less  than  one-qnarter  of  the  fatal  cases. 
Ordinarily,  pnenmococci  have  been  fonnd  only  in  the  severest  cases, 
hnt  Sittmann  and  Ivohn  each  report  two  instances,  and  Belfanti  one, 
wlu're  recovery  followed  a  ]iositive  blood  cnltnre. 

T  believe  that  the  value  of  blood  cnltiires  as  a  means  of  diagnosis 
in  obscnre  cases  of  so-called  “  cryptogenetic  sepsis  ’ ’  has  been  over¬ 
estimated.  Positive  results  during  life  are  always  interesting  and 
valuable,  and,  when  secured  by  proper  methods,  are  removed  from 
the  suspicion  of  agonal  or  post-mortem  invasion  which  sometimes  ob¬ 
scures  antopsy  findings,  but  it  is  evident,  from  the  large  pc'rcentage 
of  negative  results  even  in  the  severest  types  of  disease,  that  the  search 
for  the  specific  causes  of  disease  by  this  method  will  often  prove  fntile. 
As  regards  prognosis,  it  is  evident  that  a  negative  cnltnre  does  not  give 
mnch  assistance,  while  a  positive  resnlt  gives  a  very  nnfavorable  prog¬ 
nosis  in  the  majonty  of  cases.  AVe  have  never  noted  any  marked 
change  in  the  clinical  conrse  coincident  with  the  occnrrence  of  a  gen¬ 
eral  infection. 

In  onr  patients  the  time  of  general  infection  in  both  septicaemia 
and  ])nenmonia  has  been  late  in  the  disease,  only  a  few  days  before 
death.  This  has  been  the  experience  of  CAanon,  Czerniewski  and 
Kiihnan  in  cases  of  se])tic{emia,  and  of  Ivohn  in  cases  of  pnenmonia. 
'rids,  in  my  oj)inion,  is  either  because  the  occnrrence  of  a  general 
infection  led  s])eedily  to  a  fatal  termination,  or  because  the  general 
infection  was  in  itself  an  index  of  weakened  body  resistance  and  gen¬ 
eral  break(h)wn.  Sittmann,  on  the  contrary,  has  obtained  positive 
resnlts  in  s(>psis  from  .I  to  2o  days  before  death,  and  fonnd  the  pneU' 
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inoeoeens  in  the  hlood  in  pnennionia  from  1  to  18  clays  before  death. 
(('oni])are  also  the  positive  eases  of  blood  cnltnre  followed  hv  recov¬ 
ery  mentioned  above).  The  leniith  of  life  after  general  infection 
depends  on  the  virnlence  of  the  germ  and  the  degree  of  body  reaction, 
and  it  is  evidently  possible  that  the  body  may  eliminate  all  germs  from 
the  hlood  and  recover,  or  may  eliminate  a  part  and  tlien  sicccmnb,  as 
is  seen  in  A.  Frlinkel’s  (21)  case  where  200  pnenmococci  per  ec.  were 
fonnd  in  the  hlood  four  days  before  death  and  a  mnch  smaller  nnmber 
two  days  before  death.  Wyssokowitsch,  in  his  exi)eriments  of  in¬ 
jecting  eultnres  of  various  bacteria  into  the  veins  of  animals,  fonnd 
that  the  bacteria  disappeared  more  or  less  completely  from  the  hlood 
after  injection  and  Avere  deposited  in  the  liver,  spleen  and  hone 
marrow,  Avhere  the  non-])athogenic  bacteria  Avere  killed  oif  as  a  rnle, 
Avhile  the  pathogenic  bacteria  increased  and  re-entered  the  hlood 
I  wish  to  say  a  Avord  concerning  the  mode  and  canse  of  general 
hlood  infection.  Krans,  in  an  article  npon  the  resorption  of  micro¬ 
organisms  into  the  hlood  from  various  organs,  as  the  Inng,  intestine, 
hladdc’r,  tonsils  and  gall-bladder,  after  a  careful  revicAV  of  the  litera¬ 
ture',  eonelndes  that  in  general  the  (irgans  of  the  body  are  permeable 
for  bacteria,  some  under  normal  conditimis,  some  after  damaging  of 
tissue,  and  from  all  tlu'se  organs  with  greater  or  less  ditlicnlty  a  resorp¬ 
tion  infection  of  the  hlood  may  ocenr.  The  exact  factors  concerned 
in  producing  a  lessened  body  resistance,  an  increased  snsceptihility, 
are  not  known,  hnt  undoubtedly  the  chief  defences  against  the  inva¬ 
sion  of  pathogenic  micro-organisms  are  the  body  tinids  and  cells.  It 
tluis  becomes  of  great  interest  to  know  Avhetlier  the  normal  blood  is 
(lestrnctiA'e  to  ])yogenic  organisms  and  loses  its  germicidal  ])oAver 
under  conditions  Avhich  predispose  to  a  general  infection.  It  Avas 
my  intention  to  test  the  germicidal  p(»Aver  of  the  blood  for  pyogenic 
cocci  in  cases  of  sei)ticamiia  in  order  to  determine  Avhether  general 
invasion  could  be  traced  to  a  loss  of  germicidal  jrower.  A  review  of 
tlie  literature  showed  that  this  property  of  the  blood  A'aries  in  man  and 
animals,  both  among  themselA’cs  and  for  ditferent  species  of  bacteria. 
.\nttall  (44),  Stern  (54)  and  Prndden  (4b)  have  c<mcluded  from 
their  experiments  Avith  human  blood  and  normal  body  fluids  that  they 
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possessed  little  or  no  effeet  upon  pyogenic  cocci.  A  series  of  experi¬ 
ments  by  the  author  (00),  which  were  recently  published,  confirm  this 
belief  that  normal  human  blood  serum  is  not  actively  germicidal  for 
pus  orgauisms.  Thus  it  is  evident  that  there  are  factoi'^  other  than 
the  germicidal  power  of  the  blood  which  ])lay  an  important  part  in 
protecting  the  body  against  general  infection  and  that  the  solution 
of  this  problem  must  be  sought  along  other  lines. 

II. - eilUOXIC  DISEASES. 

It  is  a  well-known  fact  that  local  infectious  processes  are  of  fre¬ 
quent  occurrence  in  patients  afflicted  with  chronic  diseases,  and 
autopsy  findings  indicate  that  general  infection  occasionally  occurs 
as  a  cause  of  death.  Believing  that  in  many  cases  results  obtained 
during  life  have  more  significance  fhan  those  obtained  at  autopsy,  we 
have  used  the  method  of  blood  cultures  during  life  to  determine  the 
frequency  of  general  terminal  infections.  Osier  (44)  says;  ‘‘  It  may 
sc'cin  paradoxical,  but  there  is  truth  in  the  statement  that  persons 
rarel}'  die  of  the  disease  with  which  they  suffer.  Secondary  infection, 
or,  as  we  are  apt  to  call  them  in  hospital  wards,  terminal  infections 
carry  off  many  of  the  incurable  cases  in  the  wards.”  Flexner  (19), 
in  an  analysis  of  the  antojisy  reports  of  225  cases  in  which  occurred 
chronic  cardiac,  vascular  or  renal  disease,  alone  or  in  combination, 
found  213  cases  in  which  bacteriological  examination  gave  positive 
results.  Local  infections  were  found  in  a  large  proportion  of  all  his 
eases  of  chronic  nephritis,  arteriosclerosis,  hejiatic  cirrhosis  and  other 
chronic  diseases.  Acute  infections  of  the  pericardium,  pleura,  peri¬ 
toneum,  meninges  and  endocardium  were  most  frequent.  In  103 
cases  of  chronic  nephritis,  either  single  or  combined  with  other  chronic 
disease,  38  cases  were  found  with  a  general  distribution  of  bacteria 
in  the  organs.  In  03  cases  of  cardiac  and  arterial  disease  he  found 
14  similar  cases.  These  were  considered  instances  of  general  infec¬ 
tion  during  life,  and  in  many  a  local  lesion  was  present,  such  as  erysip¬ 
elas  or  peritonitis,  which  was  looked  upon  as  the  source  of  the  general 
infection.  In  a  large  proportion  of  the  cases,  visible  focal  lesions 
w('re  not  present  in  the  organs  at  autopsy.  The  pyogenic  cocci  were 
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usually  the  infectious  agents.  He  believes  this  susceptibility  to 
infection  in  chronic  disease  to  be  a  i-esult  of  changes  in  the  blood 
occurring  in  cachexise,  weakened  body  resistance  being  due  to  a  loss 
of  germicidal  power  of  the  serum.  These  are  very  interesting  and 
significant  residts,  yet  it  is  only  fair  to  say  that  a  general  distribution 
of  l)acteria  at  autopsy  does  not  always  mean  general  infection  during 
life.  If  all  the  cases  could  be  excluded  where  the  bacterial  invasion 
of  the  blood  and  tissues  may  have  occurred  not  during  life,  but  during 
the  death  agony  or  after  death,  the  list  of  “  general  infections  ”  would 
undoubtedly  be  smaller. 

Of  particndar  interest  also  are  the  general  blood  infections,  which 
have  been  demonstrated  dining  life  in  chronic  diseases  by  means  of 
blood  cultures.  Petruschky  examined  the  blood  in  8  cases  of  ad¬ 
vanced  pulmonary  tuberculosis  and  found  streptococci  present  once 
during  life.  In  8  of  14  cases  which  came  to  autopsy,  streptococci 
were  found  in  all  the  organs,  Sittmann  obtained  positive  results  in 
3  of  4  cases  of  phthisis,  finding  Staphylococcus  pyogenes  aureus  twice 
in  the  blood  and  Staphylococcus  pyogenes  albus  once.  The  number 
of  bacteria  was  only  2  or  3  per  cc.,  and  they  were  found  from  2  to  30 
days  before  death.  Ilewelke,  in  27  cases  of  phthisis,  found  pyogenic 
cocci  in  the  venous  blood  in  3  cases.  Alichaelis  and  Meyer  (38),  in 
examining  the  blood  in  10  cases  of  phthisis,  found  pyogenic  cocci  in 
8  cases  from  2  to  9  days  before  death.  Hh’schlalf  (31)  obtained 
staphylococci  from  the  blood  in  4  out  of  25  cases  of  phthisis.  Friinkel 
(22)  found  colon  bacilli  in  the  blood  during  life  in  a  case  of  leuka3mia. 
Gabbi  and  Barbacci  (24),  in  2  cases  of  pseudo-leukaJinia,  obtained  the 
same  result.  Yerdelli  (56),  in  2  cases  of  pseudo-leukaemia,  found 
Staphylococcus  pyogenes  aureus  and  albus.  As  an  analogue  to  this 
class  of  cases,  many  obseiwers  have  demonstrated  the  occurrence  of 
secondary  infections  by  pyogenic  cocci  in  cases  of  acute  disease,  such 
as  typhoid  fever  and  diphtheria. 

'burning  from  this  subject  for  a  short  time,  I  wish  to  speak  of 
another  which  is  rather  closely  allied  to  it  and  upon  which  we  have 
also  made  some  observations.  There  is  a  certain  amount  of  evidence 

drawn  from  blood  cidtures  made  at  the  time  of  death,  from  the  bac- 
29 
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teriological  examinations  at  autopsies,  and  from  experiments  upon 
animals,  that  during  the  last  few  hours  of  life  the  bacteria  which 
are  present  in  certain  organs,  more  especially  the  bowel,  are  able  to 
overcome  the  weakened  powers  of  resistance  of  the  individual  and  to 
get  into  the  blood  stream,  and  are  distributed  by  means  of  the  circu¬ 
lation  to  the  various  organs,  and  may  grow  in  these  organs  after  death. 
This  process,  which  is  termed  “  agonal  invasion,”  naturally  has  no 
influence  on  the  course  of  disease  in  the  individual,  it  being  a  residt 
rather  than  a  cause  of  disease,  but  it  has  a  very  important  bearing  on 
the  value  and  signifleance  of  positive  bacteriological  findings  at 
autopsy.  If  an  “agonal  invasion  ”  of  bacteria  is  a  frequent  occur¬ 
rence,  it  is  very  evident  that  the  bacterial  contents  of  organs  at  au¬ 
topsy  do  not  represent  the  conditions  pi'csent  during  life;  that  cul¬ 
tures  alone  are  not  sutfleient  to  put  the  organism  found  in  causal 
relation  with  the  pathological  changes  present,  and  that  our  conclu¬ 
sions  as  to  the  causes  of  disease  from  post-mortem  bacteriological  find¬ 
ings  must  be  much  restricted.  To  throw  light  on  this  subject  of 
agonal  invasion  Ave  have  made  l)lood  cultiires  before  and  after  death 
in  our  chronic  eases,  and  in  a  series  of  miscellaneous  fatal  eases,  and 
post-mortem  cultures  in  some  cases  of  septictemia  and  meningitis 
already  referred  to.  AVe  Avill  give  a  brief  summary  of  tlie  more 
important  literature  before  speaking  of  our  OAvn  results. 

The  first  observations  of  the  general  iuA'asion  of  internal  organs  of  the 
body  by  the  colon  bacillus  Avere  made  by  Welch  (59)  and  reported  in 
1890.  He  reports  that  this  organism  Avas  found  in  33  autopsies  oid  of 
about  200  at  the  Johns  Hopkins  Hospital,  Avith  especial  frequency  in 
cases  Avith  lesions  of  the  intestinal  mucosa.  He  regards  it  as  in  most 
instances  a  harmless  invader  Avithout  influence  upon  the  course  of  the 
disease  and  AA'ithout  pathogenic  effects.  A'lany  obserA^ers  have  since 
noted  the  frequency  of  occurrence  of  the  colon  bacillus  in  oi'gans  at  au¬ 
topsy.  Intestinal  bacteria  have  been  sometimes  reported  as  ])rescnt  in 
the  blood  very  shortly  after  death.  Beco  (3)  in  studying  the  bodies  of 
patients  Avho  had  died  of  chronic  disease  found  the  colon  bacillus  pres¬ 
ent  immediately  after  death  in  the  liver  in  11  cases  and  in  the  heart  in 
one  case;  also  the  colon  bacillus  and  Staphylococcus  jjyogcnes  aureus  to¬ 
gether  in  the  liA^er  in  3  cases.  Letienue  (30)  found  the  colon  bacillus  in 
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the  gall-hladcler  11  times  in  48  cases,  in  3  cases  45  minutes  after  death. 
Achard  and  Phnlpin  (1)  obtained  blood  from  the  veins  and  liver  dur¬ 
ing  the  death  agony,  and  also  made  cultiires  at  autopsy  in  43  chronic 
cases.  Tn  no  cases  Avere  bacteria  found  in  the  blood  before  death,  in  8 
cases  bacteria  Avere  found  in  the  liver  from  10  minutes  to  10  hours  ante 
mortem  (B.  coli  G  cases.  Staph,  pyog.  aureus  and  Staph,  pyog.  alb., 
each  one  ease).  Tn  24  cases  no  bacteria  Avere  found  before  death,  but 
Staph.  ]>yog.  aur..  colon  bacillus  and  ])utrefactive  bacteria  Avere  found 
in  the  organs  at  autojtsy.  Tn  11  cases  no  bacteria  Avere  found  either 
before  death  or  at  axAtopsy.  They  conclude  that  agonal  invasion  occurs, 
but  is  rather  rare  and  that  the  intestine  is  the  chief  source  of  the  germs. 
TTanot  (27)  in  a  case  of  jaundice,  obtained  a  culture  of  colon  bacilli  from 
the  liver  during  life. 

Wurtz  and  Herman  ((!!)  froze  small  animals  to  death  and  obtained 
cultures  of  intestinal  germs  from  the  organs  during  the  death  agony  in 
21  out  of  33  cases.  Avhile  control  animals  rapidly  killed  remained  sterile. 
Other  animals  poisoned  Avith  arsenic  or  killed  by  asphyxiation  gaA-e  simi¬ 
lar  ])Ositive  results.  Beco  killed  rabbits  sloAA’ly  by  poisoning  Avith  tartar 
emetic  and  cantharides  and  found  intestinal  germs  present  in  the  organs 
immediately  after  deatli  in  most  of  the  cases.  Avhile  animals  rapidly  killed 
remained  sterile.  His  method  of  culture  by  means  of  bouillon  tubes  is 
objectionable.  Chvostek  and  Egger  (13).  repeating  Wurtz  and  Herman’s 
Avork,  froze  13  animals  and  obtained  ])ositive  residts  in  30  per  cent  of  the 
cases.  Avhile  control  animals  Avere  all  negative.  T^ater  they  froze  50  ani¬ 
mals.  and  examination  of  the  heart’s  blood  immediately  after  death  ga\'e 
44  iper  cent  of  positive  results.  Another  series  of  animals  frozen  and 
similarly  examined  tAvo  hours  after  death  gaA'e  IG  per  cent  of  posith'e  re¬ 
sults.  He  explains  this  loAver  result  by  saying  that  the  germs  AA'bieh  in- 
A'aded  the  blood  Acere  ])artly  killed  off  by  the  serum  on  standing  tAvo 
hours.  Starved  animals  gave  negative  results.  Animals  AA'bieh  AA’ere 
stabbed  gave  20  per  cent  ]»ositive  results.  Avhich  can  hardly  be  due  to 
agonal  invasion  and  are  not  explained.  Tn  all  these  experiments  the 
lieritoneum  contained  more  bacteria  than  the  blood. 

Chvostek  (12).  in  revieAA'ing  his  OAvn  Avork  and  that  of  Wurtz  and  Her¬ 
man,  Beco,  Achard  and  T’lmlpin,  and  others,  concludes  that  bacterial 
iuA'asion  of  the  body  during  the  death  agony  occurs  frequently,  that  Avhat 
has  been  considered  ])ost-mortem  inA'asion  is  really  the  result  of  agonal 
invasion  and  ]M»st-mortem  groAvtb.  At  the  end  of  life  the  vigorous 
germs,  usually  the  pyogenic  cocci  wbicli  can  overcome  live  cells,  invade 
the  body  first,  then  the  Aveaker  ones  Avbicb  can  overcome  damaged  cells. 
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and  last  the  putrefactive  germs.  The  more  cachectic  the  individual  the 
more  easily  agonal  invasion  occurs.  The  anatomically  unaltered  vessel 
walls  have  been  shown  to  he  permeable  for  bacteria,  and  Chvostek  be¬ 
lieves  there  may  be  a  procession  of  bacteria  into  the  blood,  some  being 
killed  off  while  others  are  steadily  invading  the  circulation.  He  believes 
that  bacteriological  findings  at  autop.sy  are  not  a  safe  ground  for  con¬ 
clusion  about  the  conditions  which  were  present  in  life. 

On  the  other  hand,  while  admitting  that  intestinal  germs  may  reach 
certain  abdominal  organs  during  the  last  hours  of  life,  there  is  a  good 
deal  of  evidence  against  the  frequent  occurrence  of  an  agonal  invasion 
and  general  distribution  of  bacteria  over  the  body  by  means  of  the  cir¬ 
culation.  Sterile  organs  at  autopsy  are  a  very  common  occurrence  in  all 
sorts  of  non-infections  diseases,  and  even  in  infectioiis  cases  apart  from 
the  speeific  foci.  Lesage  and  Macaigne  (35)  examining  cadavers  in 
winter  found  many  of  them  sterile.  Austerlitz  and  Landsteiner  (2)  and 
Beco  remark  upon  the  infrequency  of  finding  the  colon  bacillus  in  fresh 
cadavers.  On  examining  the  results  of  Achard  and  Phulpin,  we  see 
that  in  the  8  chronic  cases  in  which  agonal  invasion  was  believed  to  have 
occurred,  the  heart’s  blood  was  found  sterile  in  all  as  late  as  2  to  23 
hours  after  death.  In  24  other  cases  where  the  heart’s  blood  was  exam¬ 
ined  from  2  to  Ifi  hours  after  death,  only  2  positive  results  were  ob¬ 
tained,  both  10  hours  and  later  after  death. 

Hauser,  by  injecting  cultures  of  bacteria  into  the  dead  bodies  of  men 
and  animals  immediately  after  death,  has  shown  that  a  rapid  and  wide- 
s})read  invasion  of  the  body  can  occur  in  the  period  of  time  which  inter¬ 
venes  ordinarily  between  death  and  autopsy.  In  his  experiments  the 
s])read  of  bacteria  was  dependent  partly  on  the  position  of  the  cadaver; 
if  the  animal  was  hung  uj)  by  the  hind  legs,  the  liver,  pleura  and  heart 
gave  positive  results,  and  if  hung  uj)  by  the  fore  logs,  the  bacteria  were 
found  in  the  liver,  kidney  and  bladder.  In  experiments  upon  human 
cadavers,  the  pleura,  liver,  kidney  and  bladder  were  invaded  after  intra- 
])eritoneal  injection  of  germs,  and  the  pericardium  and  heart  usually 
remained  sterile.  In  a  large  number  of  autopsies  performed  10  to  24 
hours  post  mortem,  ho  found  the  colon  bacillus  present  in  nearly  half. 
Positive  residts  were  much  more  abundant  in  warm  than  in  cold  weather. 
He  believes  they  are  due  largely  to  ])ost-mortem  invasion  of  the  body. 

With  reference  to  the  entrance  of  bacteria  from  the  intestine  into  the 
blood,  the  statement  of  Xocard  that  the  chyle  acts  as  a  vehicle  for  germs 
has  been  disproved  by  Xcisser  and  Kfihnau.  They  found  the  chyle  and 
mesenteric  glands  of  large  animals  uniformly  sterile.  AVyssokowitsch 
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found  that  in  dogs  and  rahhits,  when  large  numbers  of  Staphylococcus 
pyogenes  aureus  had  been  brought  into  the  gut,  either  by  the  mouth  or 
by  direct  injection,  the  mesenteric  glands  on  later  examination  were 
found  sterile  in  the  great  majority  of  cases;  in  a  few  cases  in  which  con¬ 
tamination  could  not  be  excluded,  a  few  bacteria  were  found.  Heubner 
has  shown  that  there  are  no  bacteria  in  the  wall  of  the  gut  in  infants 
with  intestinal  disease.  Eibbert  (50)  and  Eizzozero  (6)  found  bacteria 
in  the  intestinal  M  all  only  in  the  follicles  of  the  caecum  of  rab1)its  and  in 
no  other  animals.  Austerlitz  and  Landsteiner  repeated  Wurtz’s  and 
Chvostek’s  experiments  Muth  improved  technique  and  different  results. 
Fifty  mice  Avere  killed  by  freezing  and  250  cidtures  of  the  heart’s  blood 
M'ere  all  sterile.  Xegative  results  Mere  also  obtained  in  animals  sloM’ly 
]ioisoned  by  arsenic.  Alax  Xeisser  fed  rabbits,  mice  and  guinea-pigs 
freely  M’ith  pyogenic  cocci  and  typhoid  bacilli,  after  damaging  the  intes¬ 
tine  Avith  a  previous  diet  of  broken  glass  and  sodium  fluoride:  in  21  of 
the  animals  the  organs  Avere  sterile  at  autopsy,  in  some  others  positive  re¬ 
sults  Avere  obtained  Avhich  he  thinks  may  be  explained  by  lAiiavoidable 
contaminations.  In  an  investigation  Avhere  so  much  depends  on  the  tech¬ 
nique  of  the  removal  of  organs  and  CAdture-making,  and  the  dangers  of 
infection  by  manipulation  are  so  great,  negative  results  are  more  val- 
Aiable  than  iwsitive  ones.  It  is  evident  that  highly  pathogenic  bacteria 
may  be  present  in  the  gut  Avithout  producing  general  infection,  and  that 
even  severe  damage  to  the  gut  is  not  in  itself  suffieient  to  open  a  Avay  for 
them  into  the  circulation.  Neisser  concludes  that  there  is  hardly  a 
greater  danger  of  general  infection  froiAi  the  boAvel  than  from  the  skin 
or  from  other  mucosa?. 

Our  OAvn  observations  upon  teniiinal  and  agonal  infections  cover  37 
cases  of  severe  chronic  disease  (11  cardiac  disease,  9  cancer,  4  sar¬ 
coma,  3  idithisis,  3  chronic  nephritis,  1  Pott’s  disease  and  neplmtis, 
1  arterio-sch'i'osis,  1  tubercular  meningitis,  1  tubercular  peritonitis,  1 
gastric  ulcer,  1  chronic  rheumatism,  1  pernicious  anmmia),  of  Avhich 
30  died  in  the  hospital  and  19  Avere  autopsied;  also  10  miscellaneous 
fatal  cases,  5  fd’  Avhich  Avere  autopsic‘d.  AVc  also  include  7  cases  of 
sepsis  and  5  of  cerebro-spinal  meuiugitis,  already’  refeired  to,  Avhich 
Avere  negative  in  life,  and  in  Avhich  post-nutrtem  cultures  Avere  made, 
79  blood  cultures  Avere  made  in  all;  41  in  the  late  stages  of  disease, 
and  3S  oue-lialf  hour  after  death. 

AVe  giA'e  a  brief  desenption  of  the  9  cases  in  Avhich  blood  cultures 
gave  positive  results: 
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Case  VIII. — Chronic  parenchyniatons  nephritis.  Duration  of  symp¬ 
toms  one  year,  nra3mia,  death,  iilood  culture  one  day  before  death,  30 
to  50  colonies  of  Streptoe.  pyog.  per  cc.;  one-half  hour  after  death,  100 
to  150  Streptoe.  pyog.  per  cc.  Autopsy,  17  hours  after  death,  showed 
])arenchymatous  nephritis,  anasarca,  passive  congestion  of  lungs,  liver 
and  spleen,  hronchopneumonia.  Cultures  from  heart,  liver,  spleen  and 
kidney  showed  Streptoe.  pyog. 

Case  IX. — Chronic  parenchymatous  nephritis.  Duration  2  years. 
Temperature  96°  to  97°  for  a  week  before  death,  abdominal  pain  one 
day.  Blood  cultures  2  days  before  death,  70  to  90  Streptoe.  pyog.  per 
cc.;  one-half  hour  after  death,  300  to  500  Streptoe.  pyog.  Autopsy,  15 
hours  after  death,  showed  parenchymatous  nephritis,  anasarca,  syphilitic 
hei)atitis  and  orchitis,  degeneration  of  spleen,  liver  and  kidney,  acute 
general  peritonitis  and  acute  pleuritis.  Cultures  from  heart,  spleen, 
livei',  kidney,  ])leura  and  })eritoneum  showed  Streptoe.  pyog. 

Case  X. — Pott's  disease,  chronic  nephritis.  Duration  of  Pott’s  dis¬ 
ease  5  years,  of  nc])hritis  1  year;  exacerljation  of  nepliritis,  persistent 
vomiting,  death.  U'omperature  101°  for  2  days  before  death.  Blood 
culture  4  days  before  death,  10  to  15  Streptococ.  pyog.  per  cc.;  one-half 
hour  after  death,  10  to  15  Streptococ.  pyog.  per  cc.  Autopsy,  6  hours 
after  death,  showed  chronic  dill'use  nephritis,  tuhercidosis  of  lumhar 
vertehrai  and  lungs,  tubercular  salpingitis,  amyloid  liver,  spleen  and 
kidney.  Cultures  from  heart,  liver,  spleen  and  kidney  showed  Strepto¬ 
coc.  pyog. 

Case  A'l. — Gastric  ulcer.  Gastric  pain  2  months,  haBinatemesis, 
bloody  stools  for  6  days,  death.  Temperature  102°  last  12  hours. 
Blood  culture  14  days  before  death,  6  to  10  Staphlococ.  pyog.  aureus 
])er  cc.;  4  hour  after  death,  15  to  20  Staphylocoe.  pyog.  aureus.  Xo  au¬ 
topsy. 

Case  XII. — Myocarditi.s,  pericarditis.  Pericarditis  with  effusion  11 
days.  tem])erature  100°  to  102°;  death.  Blood  cultures  4  days  before 
deatli,  5  to  8  Stapliylocnc.  pyog.  aureus  per  cc.  Autopsy,  27  hours  after 
dcatli,  showed  fatty  myocarditis,  fluid  in  cavities,  jtassive  congestion  of 
organs,  suljacute  filjrinopurnlent  ])ericarditis.  Cultures  from  liver,  kid¬ 
ney,  spleen  and  ])ericardium  showed  Staphylocoe.  ])yog.  aureus. 

Case  XIII. — IMitral  and  aortic  stenosis.  Duration  of  symptoms  11 
months,  temperature  100°  to  102°  for  2  days  before  death.  Blood  cul¬ 
ture  4  days  before  death,  negative;  4  liour  after  death.  5  to  6  Staphyloc. 
pyog.  aureus  per  cc.  Autopsy,  17  hours  after  death,  showed  mitral  and 
aortic  stenosis,  chronic  passive  congestion  of  organs,  aente  hronehopneu- 
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jnonia.  Cultures  from  liver  and  kidney  showed  Staph,  pyog.  aureus; 
from  lung.  Staph,  pyog.  aureus  and  pneumococcus;  spleen  sterile. 

Case  XIV. — !Mitral  regurgitation.  Duration  of  symptoms  6  months, 
death  sudden,  no  fever  or  complications.  Blood  cultures  3  days  before 
death,  negative;  4  hour  after  death,  10  to  12  Staph,  pyog.  aureiis  per  cc. 
No  autopsy. 

Case  XV. — Cancer  of  epiglottis.  Duration  1  year;  laryngectomy,  sud¬ 
den  death  10  hoixrs  later.  Blood  cultures  2  days  before  death,  negative; 
5  of  an  hour  after  death,  10  to  20  Streptoc.  pyog.  per  cc.  No  autopsy. 

Case  XVI. — Compound  depressed  fracture  of  skull.  Operation,  death 
after  6  hours.  Blood  culture  4  hour  after  death,  20  Streptoc.  i>yog.  per 
cc. 

In  the  accompanying  table  we  have  classified  the  total  number  of 
cases  examined,  the  number  of  positive  results,  the  time  the  earliest 
positive  culti;res  were  obtained,  and  the  number  and  kinds  of  bacteria 
found. 

In  5  cases  of  chronic  disease,  bacteria  were  found  in  the  blood  one 
or  more  days  before  death,  as  follows: 

2  cases  of  chronic  nephritis,  Streptoc.  pyog., 

1  case  of  Pott’s  disease  and  chronic  nephritis,  Streptoc.  pyog., 

1  case  of  gastric  ulcer.  Staph,  pyog.  aureus, 

1  case  of  myocarditis  and  pericarditis.  Staph,  pyog.  aureus. 

These  are  considered  cases  of  general  terminal  infection.  In  each 
of  these  5  patients  the  invasion  of  the  blood  as  shown  by  our  cultures 
was  followed  in  a  few  days  by  death.  Degenerative  changes  were 
usually  present  in  the  organs  at  autopsy,  but  in  no  instance  pyaemic 
foci.  The  sources  of  infection  could  not  be  absolutely  determined. 
In  one  case  a  tubercular  process  in  the  lungs  antedated  general  infec¬ 
tion;  in  another  a  fibrino-purulent  pericarditis.  In  one  case  a 
broncho-pneumonia  was  present,  in  another  an  acute  peritonitis  and 
pleuritis,  but  these  are  looked  upon  as  part  of  the  general  infections. 
The  clinical  aspects  of  these  cases  were  not  remarkable ;  in  three  there 
was  a  moderate  febrile  reaction  a  few  days  before  death,  and  in  one 
for  a  period  of  eleven  days;  in  another  the  temperature  was  subnormal 
for  a  week  before  death.  There  w’as  grave  constitutional  disturbance 
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in  each  case,  bnt  any  symptoms  wliicii  may  have  occurred  as  a  result 
of  general  infection  were  obscmred  by  those  which  residted  from  the 
chronic  processes.  In  short,  these  cases  of  terminal  septictemia  could 
hardly  have  been  recognized  clinically  without  blood  cultures. 

I. — Positive  Blood  Cultukes  duking  Life. 


Disease. 

Number  of 
positive 
results. 

Time  of 
earliest 
positive 
culture. 

Bacteria  found. 

Number 
of  bacteria 
per  cc. 
of  blood. 

Number  of 
cases 

Investigated 

!  (Days  before 

Septiciemia . 

4 

[  death.) 

18 

Case  1 . 

4  days. 

Streptoc.  pyog. 

40  to  60 

3  “ 

Staph,  pyog.  aureus 

11  to  15 

“  3 . 

2  4  4 

Streptoc.  ityoir. 

.50  to  1.500 

“  4 . 

o  u 

4  4  4  4 

15  to  20,000 

Pneumonia . 

3 

19 

Case  5 . 

1  day. 

Pneumococcus. 

40  to  60 

“  0 . 

2  days. 

18  to  30 

“  7 . 

2 

44 

10  to  15 

C.-S.  Meningitis . 

0 

8 

Chronic  Nephritis  . . . 

2 

1 

Case  8 . 

1 

1  day. 

Streptoc.  pyofT. 

30  to  1.50 

“  9 . 

2  days. 

4  4  4  4 

70  to  500 

Chronic  Nephritis  ) 

and  Tuberculosis  ) 

i 

37 

Case  10 . 

j 

4  days. 

u  u 

10  to  15 

[-  (chronic 

Gastric  Ulcer . 

1 

cases). 

Case  11 . 

staph.  PYOjr.  aureus 

6  to  20 

Myocarditis  and  ) 

Pericarditis  (' 

Case  12 . 

4  .1 

^4  44  44 

5  to  8 

Miscellaneous  eases. . 

0 

10 

12 

i 

92 

II- — Positive  Blood  Cultukes  afteu  Death  in  Cases  wiieke  the  Blood  was 
Negative  duking  Life. 


Septicpemia . 

C.-S.  Meningitis..... 
Mitral  and  Aortic  ) 
Disease  ( 

Case  13 . 

Mitral  Disease . 

Case  14 . 

Cancer  of  Epiglottis. 

Case  1.5 _ “i . 

Coinp.  Fracture  \ 
of  Skull  ^ 
Case  10 . 


0 

(Hours  after 
death.) 

0 

1 

1 

K  hour. 

Staph,  pyog.  aureus 

5  to  6 

1 

3^  hour. 

“  “  “ 

10  to  12 

%  hour. 

Streptoc.  pyog. 

10  to  20 

1 

yi  hour. 

20 

4 

7 

5 


I 

)-  (chronic 
I  cases). 

)  7 

j  (niistel- 
-  laneous 
J  cases). 
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In  addition  to  the  general  infections  in  chronic  cases,  local  infec¬ 
tions  have  been  freqiTently  fonnd  at  antopsy,  such  as  broncho-pnen- 
monia,  plcnritis,  nephritis,  etc.;  of  these,  broncho-pneninonia  being 
far  the  most  common. 

With  reference  to  the  occnrrenee  of  general  bloo<l  invasion  during 
the  death  agony,  cidtni’es  of  the  heart’s  blood  Avei’e  made  in  35  cases 
where  no  general  infection  was  fonnd  during  life.  The  cultures  were 
made  as  soon  as  possible  after  death,  within  half  an  hour  in  all  but  a 
few  cases.  These  eases  consist  of  7  septicaemias,  5  cases  of  cerebro¬ 
spinal  meningitis,  10  of  chronic  disease  and  7  of  miscellaneous  acute 
diseases.  AVe  are  struck  by  the  fact  that  in  these  35  cases,  only  4 
positive  residts  were  obtained;  in  3  cases  examination  of  the  blood 
2  to  4  days  before  death  had  given  a  negative  result,  and  in  the  fourth 
case  death  occurred  six  hours  after  an  accident  in  a  healthy  man. 

1  case  of  mitral  and  aortic  stenosis.  Staph,  pyog.  aureus, 

1  case  of  mitral  regurgitation.  Staph,  pyog.  aurens, 

1  cast  of  cancer  of  epiglottis,  Streptoc.  pyog. 

1  case  of  compound  depressed  fracture  of  the  skull.  Streptoc.  pyog. 

These  are  considered  cases  of  probable  agonal  infection.  In  chronic 
cases  with  grave  cachexia,  blood  invasion  seems  a  natural  event;  Avith 
reference  to  the  case  of  fracture  of  the  skull  we  quote  Hauser,  avIio 
says  that  severe  disturbance  of  the  nervous  centres  favors  agonal 
invasion.  AYe  are  satisfied  that  the  large  number  of  negative  results 
represent  the  conditions  Avhich  were  actually  present;  that  if  any 
considerable  number  of  bacteria  have  invaded  the  general  cii’CAilation 
in  the  death  agony,  some  would  have  been  present  in  the  heart’s 
blood  and  have  been  fonnd  in  the  5  cc.  of  blood  aspirated  and  used 
for  cultures. 

Only  two  varieties  of  bactena  occurred,  and  these  never  in  mixed 
infection.  The  colon  bacillus  Avas  not  present  in  a  single  cAilture. 
The  number  of  bacteria  Avas  small — as  a  rule,  5  to  10  per  cc.  of  the 
staphylococci,  and  20  to  {>0  streptococci  per  cc.  In  4  of  the  chronic 
cases  positiA'e  CAiltures  Avere  obtained,  both  before  and  after  death, 
and  in  2  of  these  latter  there  AA'as  apparently  a  growth  of  bacteria  in 
the  l)lood,  or  an  increased  invasion  of  the  blood;  for  the  second  cml- 
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tiire  pliowod  the  presence  of  a  considerably  larger  nnmber  of  bacteria 
than  did  the  first.  In  case  YIII,  chronic  nephritis,  a  blood  culture  a 
day  before  death  showed  30  to  50  streptococci  per  cc. ;  a  culture  imme¬ 
diately  after  death,  100  to  150  per  cc.  In  Case  IX,  chronic  nephritis, 
a  culture  2  days  before  death  showed  TO  to  90  streptococci,  and  a 
culture  immediately  after  death,  300  to  500  per  cc.  In  the  two  other 
cases  the  number  of  bacteria  remained  practically  stationary.  In 
a  large  majority  of  our  chronic  cases,  the  blood  both  before  and 
immediately  after  death  proved  sterile. 

In  5  of  our  nine  positive  cases  an  autopsy  was  performed  and  the 
same  bacteria  which  were  present  in  the  blood  cultures  were  found 
distributed  through  the  organs,  as  would  be  expected. 

In  many  of  the  cases  where  the  blood  was  negative  during  life, 
bacteria,  such  as  the  colon  bacillus,  pneumococcus  or  pyogenic 
cocci,  have  been  found  in  one  or  more  organs  at  autopsy.  Bearing- 
in  mind  Hauser’s  proof  of  the  rapidity  of  post-mortem  extension  of 
bacteria  through  the  body,  we  believe  that  this  is  the  explanation  of 
their  ])resence  in  most  cases;  on  the  other  hand,  some  probably  rep¬ 
resent  local  infections  in  life,  and  some  agonal  infections.  In  a  con¬ 
siderable  nnmber  of  the  local  infections  the  bacteria  no  doubt  reached 
the  infected  organ  by  means  of  the  blood  stream,  even  in  cases  which 
gave  negative  blood  cultures  during  life;  probably  a  few  bacteria 
gained  entrance  to  the  l)lood-vessels,  were  carried  about  and  deposited 
in  various  organs,  most  of  them  being  destroyed,  while  a  few  suc¬ 
ceeded  in  gaining  a  footing  and  produced  a  local  infectious  process. 
In  such  cases  we  could  hardly  expect  to  obtain  positive  results  in  our 
blood  cultures. 

We  have  reached  the  conclusion  that  general  agonal  invasion  by 
bacteria  is  a  rather  uncommon  occurrence,  from  a  consideration  of 
the  frequency  of  sterile  organs  at  fresh  autopsies,  from  the  uniformly 
negative  results  obtained  by  Austerlitz  and  Landsteiner,  and  Xeisser 
in  animal  experiment,  and  finally  from  the  series  of  negative  post¬ 
mortem  cultures  in  our  own  cases.  We  cannot  accept  the  theory  that 
the  normal  or  nearly  normal  bowel  is  easily  and  frequently  penetrated 
by  l)acteria,  or  the  application  of  this  theory  to  post-mortem  findings. 
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If  autopsies  are  performed  within  a  short  time  after  death  and  the 
results  of  post-mortem  growth  of  bacteria  in  the  body  thus  avoided, 
we  have  every  reason  to  believe  that  in  the  majority  of  cases  the 
bacteriological  findings  at  autopsy  correspond  to  conditions  present 
diTring  life.  We  believe  that  the  presence  of  the  colon  bacillus  at 
autopsies  is  occasionally  due  to  agonal  invasion  of  the  body  and 
usnally  due  to  post-mortem  outgTOwth  through  the  body  from  the 
intestine. 

In  addition  to  the  use  of  blood  cultures,  certain  evidence  has  been 
obtained  by  the  author  (60)  from  experiments  with  blood  serum 
whieh  I  will  briefly  refer  to  here.  It  was  thought  that  an  explanation 
of  general  bacterial  invasion  of  the  body  in  chronic  disease  could  be 
found  in  a  loss  or  weakening  of  the  germicidal  properties  of  the 
blood,  but  the  balance  of  evidence  of  previous  work  which  was  con¬ 
firmed  by  a  series  of  experiments  by  the  author  indicates  that  the 
blood  serum,  even  in  healthy  individuals,  is  not  appreciably  germicidal 
for  the  pus  organisms,  which  disposes  of  this  theory  so  far  as  the  pus 
organisms  are  concerned.  On  the  other  hand,  it  is  well  known  that 
normal  human  serum  is  gei*micidal  to  the  colon  bacilhis,  and  the 
author  has  found  that  the  serum,  as  a  rule,  retained  this  property  for 
this  organism  in  cases  of  severe  chronic  disease  up  to  the  end  of  life, 
and  in  about  half  the  cases  examined,  even  for  several  hours  after 
death.  In  only  two  cases  in  the  series  was  there  any  evidence  of  loss 
of  germicidal  power  before  death.  Xow  in  this  fact  that  the  serum 
retained  its  germicidal  properties  in  most  cases  until  death  and  in 
many  cases  after  it,  we  have  a  strong  additional  reason  why  agonal 
invasion  of  the  blood  by  intestinal  germs  is  not  likely  to  occur  in 
the  majority  of  cases,  even  of  severe  chronic  disease. 

CONCLUSIONS. 

Our  conclusions  from  the  literature  and  our  own  experiments  may 
be  summarized  as  follows: 

I.  Blood  for  bacteriological  examination  during  life  should  be 
taken  directly  from  the  veins  and  in  considerable  quantity. 

II.  Besorption  of  toxines  is  the  most  important  feature  in  cases 
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of  sepsis;  pyogenic  bacteria  invade  the  general  circulation  in  a  rather 
small  proportion  even  of  severe  cases,  and,  as  a  rule,  late  in  the  course 
of  the  disease. 

III.  A  general  infection  by  the  pneumococens  can  be  demonstrated 
occasionally  in  the  late  stages  of  aente  lobar  pnenmonia. 

lY.  The  valne  of  blood  cnltnres  as  a  means  of  diagnosis  in  obsenre 
cases  of  sepsis  is  limited  by  the  fact  that  invasion  of  the  blood  by  the 
specific  organism  cannot  be  demonstrated  during  life  in  the  majority 
of  cases.  Positive  cnltnres  are  very  valuable;  negative  cultures  do 
not  exclude  local  septic  infections. 

Y.  The  detection  of  specific  bacteria  in  the  blood  of  cases  of  sepsis 
and  of  pneumonia  gives  a  very  unfavorable  prognosis  in  most  cases. 

YI.  General  terminal  infections  •with  pyogenic  cocci  occasionally 
occur  as  an  immediate  cause  of  death  in  chronic  disease.  Local  infec¬ 
tious  processes  play  this  part  more  frecpiently. 

YII.  As  far  as  our  experiments  have  shown,  invasion  of  the  blood 
by  bacteria  during  the  death  agony,  -with  subsequent  distribution  of 
the  genus  to  the  organs  by  the  circulation,  is  a  rather  uncommon 
0(*currence. 

YIIT.  Owing  to  the  relative  infreipiency  of  agonal  invasion,  we 
believe  that  in  the  majority  of  cases  where  the  autopsy  is  performed 
promptly  after  death,  the  bacteria  which  are  found  in  the  organs 
succeeded  in  reaching  tlicse  organs  previously  to  the  death  agony, 
and  are  associated  with  the  course  of  the  disease. 

IX.  The  presence  of  bacteria  in  the  organs  of  late  autopsies  is  due 
in  many  cases  to  post-mortem  extension  from  one  organ  to  another, 
and  in  some  cases  to  the  post-mortem  growth  of  small  numbers  of 
germs  Avhich  were  distributed  to  the  organs  by  means  of  the  cir¬ 
culation. 

In  closing  I  wish  to  express  my  thanks  to  Dr.  J.  11.  AVright, 
Director  of  the  Pathological  Laboratory  at  the  Massachusetts  General 
IIos])ital,  for  his  kind  assistance  in  my  work. 


Franklin  'Warren  AVhite 
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A  CASE  OF  SUSPECTED  EiVBIES  WITH  ISOLATIOX  OF 
BACILLUS  diphtheria:  from  the  CENTRAL 
NERVOUS  SYSTEM. 


By  GEOKGE  DOUGLAS  HEAD,  yi.  D.,  and  LOUIS  BLANCHARD 
WILSON,  M.  D. 

[Utiiversilij  of  Minnexota.) 

CLINICAL  IlEPORT. 

By  Geokge  Douglas  Head,  ;m.  D. 

On  the  morning  of  September  28,  1897,  Mrs.  L.  R.  presented  herself 
for  the  surgical  treatment  of  a  bite  of  the  left  cheek.  She  stated  that 
about  4  o’clock  that  morning  she  was  awakened  by  a  noise  in  the 
chicken  coop,  and  hurrying  on  her  clothing  went  out  to  investigate. 
As  she  pushed  open  the  door  of  the  coop  an  animal  sprang  out  upon 
her,  biting  her  on  the  left  cheek.  The  wound  bled  profusely  and  to 
stop  the  hasmorrhage  she  ai)i)lied  some  liniment  and  a  bandage. 

When  she  presented  herself  for  treatment,  five  hours  after  the  acci¬ 
dent,  there  were  two  shar]),  deep  punctures  on  the  left  cheek,  one-half 
an  inch  apart,  sinking  deeply  into  the  underlying  tissue,  from  which  on 
pressure  a  blood}'  grumous  fluid  exuded.  The  wound  was  scrubbed  with 
soap  and  water,  washed  out  with  peroxide  of  hydrogen  and  packed  with 
gauze.  Two  days  following,  the  same  treatment  was  repeated.  .\t  the 
third  dressing,  as  the  Avound  seemed  clean,  it  was  allowed  to  granulate 
over  and  the  patient  Avas  dismissed. 

Nothing  more  AA’as  heard  of  the  ])atient  until  December  3,  two 
months  and  five  days  folloAving  the  bite.  On  that  day  the  patient  again 
came  complaining  of  severe  pain  and  numbness  over  the  left  clieek  in 
the  region  of  the  previous  bite.  The  office  notes  Avere  as  folloAvs; 

Woman,  32  years,  aa'cII  nourished,  married,  tAvo  children,  one  mis¬ 
carriage,  mother  and  father  and  one  sister  living;  mother  Avell;  father 
has  ill  health,  of  Avhich  the  cause  Avas  not  ascertained,  previous  history 
uneventful.  Had  neuralgia  of  right  side  of  face  some  years  ago.  No 
other  ailments.  No  history  of  hysteria  or  other  neuroses. 

The  pain  of  Avhieii  the  patient  complains  is  localized  on  the  left 
cheek  in  the  region  of  the  scar  of  the  previous  bite.  It  commenced 
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two  days  ago  as  a  mild  aching  and  numbness  in  that  region  and  has 
been  gradually  growing  more  severe.  There  is  little  swelling  and  only 
slight  tenderness  on  pressure  over  the  area  of  pain.  There  is  complaint 
of  some  difiicmlty  in  opening  the  month  owing  to  pain  in  the  temporo- 
maxillary  articulation.  Patient  complains  of  loss  of  sleep.  Tempera¬ 
ture  98.8°  F.  Pulse  100. 

Diagnosis:  facial  neuralgia.  Treatment;  phenacetine  and  salicylates. 

Dee.  4.  Patient  at  office.  Tenderness  most  marked  over  the  site  of 
the  bite.  Pain  paroxysmal  in  character,  running  along  the  ramus  of 
lower  jaw,  up  the  side  of  liead,  in  front  and  back  of  left  ear,  and  back 
along  the  left  sternocleidomastoid  mnsele.  As  patient  complains  of 
difficulty  in  swallowing  I  give  her  a  glass  of  water  to  drink.  She  raises 
the  glass  to  her  lips,  gives  a  short,  jerky  inspiration,  and  swallows  the 
licpiid.  Suspecting  rabies,  I  call  Dr.  Hunter  in  consultation. 

Patient  carefully  examined.  Xo  throat  lesions.  Xo  decayed  teeth. 
Xo  ear  trouble.  Tenderness  sharply  localized  over  the  area  supplied  by 
middle  branch  of  fifth  nerve.  Temp.  99.4°.  Diagnosis:  neuralgia  of 
middle  branch  of  fifth  nerve  or  beginning  rabies.  Treatment,  morphine. 

December  5.  Fifth  day  of  disease.  Called  at  4  a.  ni.  Patient  has 
si)ent  a  bad  night  with  little  sleep.  Excruciating  pain  over  same  area 
as  described.  Mouth  o])ened  with  more  difficulty.  Can  swallow  saliva, 
but  if  she  attempts  to  drink  water,  tea  or  milk  she  takes  a  number  of 
short,  quick,  catchy  inspirations,  her  eyes  start  from  her  head,  she 
looks  wildly  about,  then  swallows  the  fluid  with  a  gulp.  The  swallow¬ 
ing  seems  a  great  effort  and  tires  her.  Temperature  99°.  Pulse  108. 
Heart,  lungs,  and  abdomen  normal.  Xo  enlarged  spleen.  Bowels  con- 
sti])ated.  Urine,  acid,  1024.  Xo  albumin,  or  sttgar.  Urea  2.5  per 
cent.  Xo  casts,  blood  or  leucocytes.  Diagnosis:  suspected  rabies. 

December  5,  4  p.  m.  Patient  resting  easier.  Laryngeal  and  respira¬ 
tory  spasms  more  pronounced.  Xow  even  the  taking  of  a  glass  of  fluid 
into  her  hand  causes  a  faint  si)asm.  As  she  puts  the  liquid  to  her  lips 
her  hand  will  shake  violently,  the  catchy  inspirations  will  begin,  and 
it  seems  almost  impossible  for  her  to  swallow.  She  can  swallow  solids, 
tliough  with  some  difficulty.  With  the  exception  of  the  laryngeal 
s])asms  and  the  pain,  she  seems  perfectly  normal.  Sits  up  in  a  chair, 
talks  with  lier  friends,  and  is  undisturbed  mentally.  Temperature 
99.2°.  Pulse  110,  irregular  and  rapid.  Pespirations  normal. 

December  (5,  8  a.  m.  Drs.  Hunter  and  Sweeney  in  consultation. 
Sleepless  night.  Has  taken  little  nourishment  and  no  fluids.  Com¬ 
plains  much  of  thirst.  Bowels  moved.  Temperature  100°.  Pulse  110. 
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Eespiratory  and  laryngeal  spasms  on  taking  fluids.  Applications  of 
snow  to  face  or  arm  causes  the  spasms.  Pupils  react  to  light  and 
accommodation.  Reflexes  feebly  present.  Knee-jerk  absent  in  right 
leg,  present  in  left  leg.  Ko  ankle-clonus.  No  areas  of  hypersesthesia. 
On  left  tonsil  white  exudate  which  is  removed  with  swab,  supposed  to 
be  due  to  a  strong  solution  of  sulphuric  acid  used  by  her  mother  for 
swabbing  out  the  throat.  Heart,  lungs,  and  abdomen  normal.  Treat¬ 
ment:  morphine;  fluid  enemata. 

December  6,  4  p.  m.  No  change.  Slept  some  after  the  morphia. 
Laryngeal  and  respiratory  spasms  present  on  taking  liquids;  also,  in 
less  pronounced  degree,  on  taking  solids.  Complains  bitterly  of  thirst 
but  can  scarcely  be  induced  to  attempt  to  drink.  Temperature  101°. 
Pulse  108.  Respiration  normal.  Cocainized  pharynx  and  gave  one 
pint  of  milk  by  stomach-tube. 

December  6,  12  p.  m.  Pain  in  face  not  complained  of.  Laryngeal 
and  respiratory  spasms  manifested  as  before.  Temperature  101°. 
Pulse  110.  Gave  one  pint  of  milk  by  stomach-tube;  also  morphia. 

December  7,  9  a.  m.  Dr.  Jones  in  consultation.  Patient  seems  brighter 
and  more  cheerful.  Slept  some  during  the  night.  Can  swallow  oysters 
and  crackers  moistened  in  water.  On  olfering  her  some  milk  to  drink 
she  pleads  not  to  be  asked  to  try  but  finally  takes  a  swallow  only  to 
exhibit  the  same  laryngeal  and  respiratory  spasms  in  a  more  pro- 
noTinced  degree.  Now  as  she  attempts  to  take  fliiid  her  eyes  bulge, 
she  clutches  a  support  to  sustain  herself,  her  whole  body  seems  in  a 
violent  tremble,  and  as  the  fluid  touches  her  lips  there  comes  a  series 
of  quick  respirations,  followed  by  a  convulsive  cough  which  blows  the 
milk  out  of  her  mouth  over  herself  and  the  bed  clothes.  Temperature 
100.5°.  Pidse  120.  Bowels  moved.  Gave  one  pint  of  milk  by  stom¬ 
ach-tube;  also  bromides. 

December  7,  5  p.  m.  Temperature  101.5°.  Pulse  120.  Tongue 
coated  white,  pharynx  normal.  Eyes  bright.  Mind  clear.  No  sleep. 
Treatment,  morphia.  Milk  and  water  by  stomach-tube. 

December  7,  12  p.  m.  Patient  seems  languid  and  tired.  Wants  to 
slee])  but  cannot.  Face  flushed,  eyes  bright.  Laryngeal  and' respiratory 
spasms  easily  produced.  Temperature  102°.  Pulse  130.  No  rose 
spots.  No  tympanites.  No  enlarged  spleen.  Heart  and  lungs  normal. 
Give  eggs  and  one  pint  of  milk  by  stomach-tube,  also  morphia  to  in¬ 
duce  sleep. 

December  8,  8  a.  m.  Dr.  Hunter  in  consultation.  Patient  passed 
a  good  night.  Larjmgeal  and  respiratory  spasms  present.  Knee-jerk 
30 
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absent.  Pupils  react  to  light  and  accommodation.  No  ankle-clonus. 
Superficial  refiexes  normal.  No  rose  spots.  No  enlarged  spleen,  nor 
tympanites.  Temperature  103.2°.  Pulse  130.  Take  blood  for  Widal 
test.  Give  2  eggs,  milk  and  whiskey  by  stomach-tube.  No  morphia. 

December  8,  4  p.  m.  Patient  complains  of  pain  in  upper  abdomen, 
extending  around  the  body.  Stomach  distended  with  gas.  Tempera¬ 
ture  102.8°.  Pulse  120.  Blood  examination:  leucocytes,  6000;  red 
corpuscles,  5,500,000.  Haemoglobin  90  per  cent.  AVidal  test  (State 
Board  of  Health  Laboratory)  gives  a  positive  typhoid  reaction  (see 
p.  456).  Give  2  eggs,  milk  and  whiskey  by  stomach-tube. 

December  8,  8  p.  m.  Patient  seems  better.  Complains  of  pain  in 
limbs  and  back.  Mind  clear.  Laryngeal  and  respiratory  spasms  pres¬ 
ent.  Temperature  102.5°.  Pulse  120.  Tongue  coated  white.  No 
morphia. 

December  9,  8  a.  m.  Patient  complains  of  pain  in  abdomen  which 
is  relieved  when  bowels  move.  Laryngeal  and  respiratory  spasms 
still  severe.  Lungs  and  heart  normal.  No  rose  spots.  No  tympanites. 
No  enlarged  spleen.  Urine  1024,  acid,  a  trace  of  albumin,  no  sugar, 
urea  3  per  cent.  No  casts,  leucocytes  or  blood  corpuscles.  Temperature 
102.2°.  Pulse  120.  Ate  six  oysters  and  took  a  few  swallows  of  milk. 

December  9,  8  p.  m.  Patient  slept  some  during  the  day.  Laryngeal 
and  respiratory  spasms  not  so  pronounced.  Temperature  103.2°.  Pulse 
120.  Knee-Jerk  absent.  No  ankle-clonus.  Sensation  normal.  Grasp 
of  right  and  left  hand  unimpaired.  Pupils  react  to  light  and  accom¬ 
modation.  Patient  drinks  a  cup  of  milk.  No  morphia. 

December  10,  8  a.  m.  Patient  delirious  with  rational  intervals.  No 
sleep  during  the  night.  Had  hallucinations  of  being  drowned,  of  the 
house  on  fire,  of  persecution.  Occasionally  patient  had  a  general 
tremor  of  the  whole  body.  Temperature  102°.  Pulse  110,  irregular. 
Had  eaten  some  bread  and  milk. 

December  10,  8  p.  m.  Patient  e.xtremely  nervous.  Fingers  twitch. 
Casts  furtive  glances  this  way  and  that.  Low,  incoherent  muttering. 
Temperature  101°.  Pulse  130.  Passes  urine,  and  bowels  move.  Has 
taken  milk  and  broth. 

December  11,  3  a.  m.  Called  in  haste.  Patient  in  violent  delirium. 
Had  gotten  out  of  bed,  knocked  down  nurse,  and  run  oiit  of  doors. 
Patient  tries  to  tear  her  clothing,  bites  at  those  about  her.  Has  to  be 
held  by  force.  Quieted  by  one-half  grain  of  morjfiiia.  Temperature 
103°.  Pulse  120.  Urine,  1022,  large  amount  of  albumin.  No  sugar. 
Urea  4  per  cent.,  a  few  pus  cells,  with  a  few  hyaline  casts  and  cylindroids. 
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December  11,  8  a.  m.  Dr.  Hunter  in  consultation.  Patient  perfectly 
rational.  Recognizes  those  about  her.  Talks  sensibly,  but  there  are 
occasional  twitchings  about  the  eyes.  Quick  glances  this  way  and  that. 
Takes  little  nourishment.  Temperature  102.2°.  Pulse  110.  Calomel 
administered  to  move  the  bowels. 

December  11,  8  p.  m.  Patient  seems  worse.  Muttering  delirium. 
Constant  twitching  of  muscles  of  whole  body.  Eyes  bright,  face  red 
and  injected.  Tongue  flabby  with  pasty  coat.  Passes  urine  and  bowels 
move.  Temperaturg  104°.  Pulse  110.  Treatment:  morphia  gr.), 
whiskey  and  strychnia. 

December  12,  10  a.  m.  Patient  does  not  recognize  me.  Seems  more 
quiet,  inclined  to  lie  still.  Has  taken  three  or  four  cups  of  water  and 
some  milk.  She  drinks  now  without  the  occurrence  of  spasms.  Severe 
attacks  of  trembling  of  whole  body  or  of  one  limb,  then  of  another. 
Urine  1028.  Large  amount  of  albumin,  a  few  hyaline  casts.  Tempera¬ 
ture  102.2°.  Pulse  140.  Treatment:  whiskey  and  strychnia. 

December  12,  8  p.  m.  Dr.  Sweeney  in  consultation.  Patient  worse. 
Has  hoarse  cough,  rapid  respirations.  There  is  an  increased  flow  of 
saliva  from  mouth.  Muttering  delirium;  picking  at  bedclothes;  violent 
shaking  of  limbs.  Heart,  normal.  Lungs:  flne,  mucous  rales  at  bases. 
Abdomen  normal.  Take  blood  for  Widal  test. 

December  13,  8  p.  m.  Thirteenth  day  of  disease.  Patient  has  had 
no  sleep,  speech  thick  and  incoherent.  Can  be  aroused  but  if  left  alone 
lies  in  a  semi-conscious  state.  Temperature  102°.  Pulse  130.  Blood 
examination:  red  corpuscles,  5,120,000;  leucocytes,  14,500. 

Widal  test  (State  Board  of  Health  Laboratory)  gives  a  positive  typhoid 
reaction  (p.  457).  Notwithstanding  this  report  there  is  little  clinical 
evidence  of  typhoid  fever.  The  leiicocyte  count  in  the  second  week 
of  uncomplicated  typhoid  would  not  be  increased.  Typhoid  fever  is 
therefore  not  the  probable  diagnosis. 

The  laryngeal  and  respiratory  spasms  are  again  produced  by  the  swal¬ 
lowing  of  solids  or  liquids  or  the  putting  of  one’s  hands  on  the  body 
or  wiping  away  mucus  from  the  mouth. 

December  13,  8  p.  m.  Patient  is  unconscious.  Has  taken  no  nour¬ 
ishment.  Short,  sharp,  muscular  contractions  sweep  over  the  arms  and 
legs.  Temperature  102°.  Pulse  140.  Respirations  feeble  and  super¬ 
ficial.  There  is  an  occasional  mucous  rattle  in  the  trachea.  It  does 
not  seem  possible  that  the  patient  can  long  survive. 

December  14.  Patient  died  at  5  a.  m.  in  an  unconscious  state,  the 
respirations  being  previously  rapid  and  superficial  and  the  heart’s  action 
irregular. 
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Autopsy,  16  hours  after  death,  the  body  having  been  kept  at  low  tem¬ 
perature.  A  complete  examination  was  not  permitted. 

Body  well  nourished.  Rigor  mortis  pronounced.  Scar  on  left  cheek. 
Patchy  livores  mortis  over  posterior  surface  of  body. 

Dura  adherent  along  superior  longitudinal  sinus.  No  other  adhe¬ 
sions.  Slight  hyperjemia  of  dura,  which  is  not  thickened.  Pia  some¬ 
what  hyperaemic,  free  from  exudate. 

An  incision  was  made  with  sterilized  scalpels  into  left  lateral  ventricle 
and  1  cc.  of  clear  serum  was  removed  in  a  sterilized  pipette,  the  end  of 
the  pipette  being  immediately  sealed  in  a  flame. 

Cerebral  convolutions  well  developed  and  normal.  No  exudate  or 
effusion.  No  adhesions.  No  areas  of  softening.  Vessels  somewhat 
injected.  Punctate  oozing  on  section  of  brain.  Meningeal  vessels  nor¬ 
mal.  No  tubercles,  emboli,  thrombi,  or  adhesions.  Cerebellum  normal. 
Basal  ganglia  normal. 

The  third  ventricle  was  opened  with  a  sterile  knife,  and  by  means  of 
a  sterile  pipette  some  bloody  fluid  was  withdrawn,  the  ends  of  the 
pipette  being  at  once  sealed  in  a  flame. 

The  medulla  and  pons  Varolii  were  removed  with  sterilized  instru¬ 
ments  and  placed  in  a  sterilized  flask. 

A  complete  post-mortem  examination  not  being  allowed,  the  abdom¬ 
inal  cavity  was  opened  by  a  median  incision  only  10  cm.  long.  There 
were  no  adhesions  or  increase  of  fluid  in  the  peritoneal  cavity.  The 
peritoneum  and  the  intestines,  both  small  and  large,  showed  no  ab¬ 
normality.  Parts  of  the  cfeeum  and  ileum  were  removed.  Peyer’s 
patches  and  the  solitary  follicles  were  not  affected. 

The  right  kidney  was  somewhat  enlarged  and  congested.  Capsule 
stripped  off  with  ease.  Dark  red  areas  were  scattered  over  the  cortex. 
The  left  kidney  presented  the  same  appearance.  Pieces  of  kidney  re¬ 
moved  and  placed  in  95  per  cent  alcohol.  Liver  appeared  normal. 
Spleen  was  not  enlarged.  All  tissues  and  fluids  taken  at  the  autopsy 
were  kept  on  ice  until  taken  to  the  State  Board  of  Health  Laboratory 
13  hours  later. 

TATHOLOGICAL  AND  BACTEEIOLOGICAL  EEPORT. 

By  Lons  Blanchard  Wilson,  M.  D. 

{From  the  Bactcriolopical  Lahwatory  of  the  Minnesota  State  Board  of  Health.') 

The  connection  of  the  laboratory  with  the  case  of  which  the  clinical 
history  has  been  given  by  Dr.  Head,  began  with  the  receipt,  on  Dec.  8, 
1897,  of  a  specimen  of  blood  for  examination  for  the  serum  reaction  for 
typhoid  fever.  The  specimen  was  dried  on  a  visiting  card,  and  con- 
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sequently  only  a  colorimetric  estimate  of  the  dilution  employed  could 
be  made.  The  reaction  was  present  in  a  dilution  of  1:25  so  estimated. 
On  Dec.  13,  another  specimen  collected,  weighed  and  accurately  diluted 
after  the  author’s  method,*  was  found  to  give  a  good  reaction  in  a 
dilution  of  1:25,  partial  in  1:50,  and  a  trace  in  l:100.f  In  consequence 
of  these  two  reactions  special  care  was  taken  in  the  bacteriological  ex¬ 
amination  of  the  specimens  secured  at  the  autopsy. 

On  December  15,  at  9  a.  m.,  there  were  received  at  the  laboratory: 
one  sealed  bulb,  containing  about  1  cc.  of  fluid  from  the  left  lateral 
ventricle  of  the  brain;  a  similar  bulb,  with  about  0.5  cc.  of  fluid  from 
the  third  ventricle;  the  lower  two-thirds  of  the  medulla,  with  about 
1  cm.  of  the  cervical  cord,  in  a  sterile  flask  plugged  with  cotton  wool  and 
about  2  ccm.  of  the  pons,  which  had  been  placed  in  4  per  cent  formal¬ 
dehyde  solution  at  the  autopsy;  and  a  portion  of  one  kidney  wrapped  in 
gauze.  Later  there  was  also  received  another  portion  of  the  kidney, 
which  had  been  placed  in  80  per  cent  alcohol  at  the  time  of  the  autopsy. 

C overslip  preparations.  Four  coverslip  preparations  each  were  made 
from  the  fluid  from  the  left  ventricle,  from  that  from  the  third  ven¬ 
tricle,  from  the  substance  of  the  medulla  and  from  that  of  the  kidney. 
They  were  stained  with  methylene-blue  and  eosine.  Those  from  the 
lateral  ventricle  showed  very  few  cocci,  and  two  or  three  bacilli  rather 
unevenly  stained.  In  those  from  the  medulla  were  found  a  few  isolated 
cocci.  No  bacteria  were  found  in  any  of  the  others. 

Sections. — Kidney.  In  a  portion  of  kidney  placed  in  alcohol  at  the 
autopsy,  many  of  the  glomeruli  were  apparently  normal.  A  few  showed 
more  or  less  complete  hyaline  degeneration  and  some  cloudy  swelling, 
with  disappearance  of  the  nuclei  of  the  epithelium  of  the  convoluted 
tubules.  No  bacteria  coiild  with  certainty  be  distinguished. 

Nerve  tissves.  Portions  of  tissue  from  the  pons,  medulla  and  cord 
were  fixed  and  hardened  in  96  per  cent  alcohol,  embedded  in  celloidin 
and  in  paraffine,  and  sections  3,  5,  10  and  20  microns  in  thickness  cut 
therefrom.  These  were  stained  by  Nissl’s  method,  by  Weigert-Gram, 

*  Wesbrook  and  IVilson,  Philadelphia  Med.  .Jonrn.,  1898,  i,  549. 

t  These  reactions  are  perhaps  explicable  on  either  of  two  hypotheses: 
(a)  a  typhoid  infection  existed,  and  other  pathological  evidence  of  it  was 
not  obtained,  owing  to  the  incomplete  autopsy  permitted;  (h)  though  no 
history  of  a  previous  typhoid  fever  was  elicited,  the  exclusion  of  a  pre¬ 
vious  typhoid  infection  would  seem  1o  be  almost  impossible,  since  the 
patient  had  been  for  years  a  resident  of  a  citj'  in  which  for  a  decade 
typhoid  fever  has  been  endemic,  and  from  the  public  water-supply  of  which 
the  typhoid  bacillus  was  isolated  a  year  ago  (See  Wilson  and  Wesbrook, 
British  Med.  Journ.,  1897,  ii,  1774.) 
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and  by  Loffler’s  methylene-blue  alone.  The  walls  of  some  of  the  ves¬ 
sels  were  thickened.  Where  this  occurred,  the  vessels  were  filled  with 
hlood,  and  the  walls  infiltrated  with  leucocytes.  In  some  instances  the 
perivascular  spaces  were  completely  filled  with  leucocytes.  I^o  accurate 
determination  of  the  condition  of  the  nerve  fibres  could  be  made  by  the 
methods  employed.  With  Nissl’s  stain,  many  of  the  cells  of  the  grey 
matter  of  each  of  the  regions  studied  appeared  to  be  perfectly  normal. 
A  large  number  of  these  cells,  however,  showed  chromatolysis  in  varying 
degrees,  from  simple  irregularity  and  subdivision  of  the  Nissl  granules 
to  the  almost  complete  disappearance  of  the  chromatin.  In  most  in¬ 
stances  the  periphery  of  the  cell-body  was  least  affected.  Where  chro¬ 
matolysis  was  at  all  marked,  the  nucleus  and  nucleolus  were  in  most 
cases  eccentrically  placed.  In  a  few  instances,  the  nucleus  was  dis¬ 
torted  in  shape;  in  others  enlarged,  irregularly  crescentic  nucleoli  were 
present.  Apparent  complete  absence  of  processes  from  some  of  the 
most  affected  cells  was  noted. 

The  foregoing  changes  were  common  to  pons,  medulla  and  cord.  In 
addition,  in  the  medulla  and  cord — which  had  been  13  hours  longer  out 
of  preserving  fluid — were  found  occasional  cells,  in  which  the  nucleoli, 
while  not  enlarged,  were  partially  divided,  the  nuclei  stained  light  blue 
throughout  and  the  cell-hody  was  filled  with  well-stained,  finely  divided 
granules,  the  otherwise  even  distribution  of  which  was  broken  up  by 
“  vacuoles.”  The  writer,  however,  agrees  with  Ewing  * * * §  and  others  in 
considering  these  cadaveric  rather  than  vital  changes. 

In  the  sections  of  the  pons  and  medulla  stained  by  Weigert-Gram  and 
by  Loffler’s  methylene-blue,  several  groups  of  bacilli  were  found.  These 
in  size,  shape  and  staining  characteristics  could  not  be  distinguished 
from  Bacillus  diphtheriae,  and,  in  view  of  the  cultural  findings  to  be 
described  later,  in  all  probability  were  such.  The  groups  consisted  of 
two  to  five  individuals  each  and  were  located  within  the  bodies  of  the 
larger  nerve  cells.  They  were  not  observed  in  the  vessels  or  perivas¬ 
cular  spaces. 

Though  many  observers,  among  others  Loffler.f  Kolisko  and  Pal- 
tauf,:};  Strelitz,§  Johnston,||  Abbott  and  Ghriskey,^  Flexner,**  Frosch,-|"|- 

*  Ewing,  J.,  N.  Y.  Med.  liecvrd,  1898,  liii,  513. 

t  Loffler,  Mittheil.  a.  d.  k.  Oesundheitsamtc,  1884,  ii,  421. 

$  Kolisko  and  Paltauf,  Wien.  kl.  Wochenschr.,  1889,  ii,  147. 

§  Strelitz,  Arch.  f.  Kinderheilk.,  1891,  xiii,  468. 

II  Johnston,  Montreal  Med.  Journ.,  1891,  xx,  161. 

.  ^  Abbott  and  Ghriskey,  Bulletin  of  the  Johns  Eopkins  Hospital,  1893,  iv,  29. 

**  Flexner,  Ibid,  iv,  32. 

tt  Frosch,  ZeitscJir.  f.  Eyg.,  1893,  xiii,  49. 
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Booker,* * * §  Canon, f  Kutscher,|  Wright§  and  Stokes,||  Belfanti,^ 
Kanthack  and  Stephens,**  and  Flexner  and  Anderson,ff  (the  last 
two  papers  contain  good  reviews  of  the  previous  literature)  have  dem¬ 
onstrated  the  presence  of  B.  diphtherije  in  the  internal  organs  of  pa¬ 
tients  dead  of  clinical  diphtheria,  or  similarly  in  animals  dead  from 
experimental  inoculation,  yet,  so  far  as  I  am  aware,  Frosch  alone  has 
hitherto  shown  their  presence  within  the  central  nervous  system. 

Cultures.  Tubes  of  plain  bouillon,  glycerine  agar  and  glycerine 
serum  were  sown  direct  from  the  bulb  of  ventricular  fluid,  from  the 
substance  of  the  central  portion  of  the  medulla,  and  from  the  kidney. 
The  latter  was  then  wrapped  in  1:1000  bichloride  gauze,  incubated  for 
24  hours  and  second  cultures  were  made. 

Of  four  tubes  of  solid  media  inoculated  from  the  right  ventricle  one 
— serum — developed  3  colonies  of  a  bacillus  indistinguishable  in  cover- 
slip  preparations  from  B.  diphtherise — and  shown  later  to  be  such — 
and  one  colony  of  a  diplococeus.  Another — agar — developed  one  colony 
of  a  diplococeus.  The  broth  cultures  gave  both  B.  diphtherise  and 
diplococci.  Four  tubes  from  the  third  ventricle  gave  two  to  ten  colonies 
each  (broth  abundant  growth),  about  two-thirds  of  which  were  B.  diph- 
therise  and  the  remainder  streptococci  and  diplococci. 

Tliough  the  sowings  from  the  medullary  substance  were  abundant 
only  two  of  seven  tubes  showed  growth.  One  of  these — agar — gave  one 
colony  of  diplococci  and  the  other — broth — many  B.  diphtheriae  and  dip¬ 
lococci. 

From  the  kidney  a  few  colonies  of  a  large  white  staphylococcus  and 
an  abundant  growth  of  B.  coli  communis  developed. 

The  diphtheria-like  bacillus  was  isolated  and  carefully  compared  with 
specimens  of  known  virulent  diphtheria  bacilli.  Parallel  cultures  were 
made  on  Lofflers  and  glycerine  serum,  on  plain  glycerine  and  litmus- 
lactose  agar,  on  plain  and  glucose  gelatine,  on  potato,  in  plain  glyc¬ 
erine,  glucose  and  sugar-free  bouillon,  and  in  plain  and  litmus  milk. 
The  cultures  were  compared  as  to  rate  and  character  of  growth,  reaction 
of  the  media  and  appearance  of  stained  preparations.  In  no  particular 
did  the  organism  under  investigation  differ  materially  from  those  with 

*  Booker,  Arch,  of  Pediatrics,  1893,  x,  642. 

t  Canon,  Deutsche  med.  Wochenschr.,  1893,  p.  1038. 

J  Kutscher,  Zeitschr.  f.  Hyg.,  1894,  xviii,  107. 

§  Wright,  Boston  Med.  and  Surg.  Journ.,  1894,  cxxxi,  329;  357. 

II  Wright  and  Stokes,  Ibid,  1895,  cxxxii,  271;  293;  330.  Stokes,  ibid,  1895, 
cxxxiii,  581. 

Belfanti,  Lo  Sperimeutale,  Bez.  Mol.,  1895,  xlix,  278. 

Kanthack  and  Stephens,  Journ.  of  Path,  and  Pact.,  1896-7,  iv,  45. 

tt  Flexner  and  Anderson,  Bulletin  of  the  Johns  Hopkins  Hospital,  1898, 
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which  it  was  compared.  In  the  earlier  cultures — on  glycerine  serum — 
it  produced  involution  forms  (large  clubbed  and  ‘‘  ghost  ”  forms)  some¬ 
what  more  quickly  than  the  controls,  but  this  property  was  lost  by  the 
time  the  tenth  generation  was  reached. 

Animal  inoculations  with  cultures.  In  order  to  determine  the  viru¬ 
lence  and  identity  of  the  bacillus,  guinea-pigs  were  inoculated,  with  the 
results  shown  in  Table  I. 

It  will  be  seen  from  the  experiments  recorded  in  Table  I  that  the 
bacillus  under  investigation  possessed  an  ordinary  degree  of  virulence, 
that  the  autopsy  findings  were  the  same  as  those  in  death  from  known 
diphtheria  bacilli,  that  in  every  instance  the  organism  was  recovered  in 
pure  culture  and  unchanged  morphologically  or  culturally  from  the 
seat  of  inoculation  (though  from  no  other  part  of  the  body)  and  that 
diphtheria  antitoxine  invariably  protected  against  otherwise  fatal  doses 
of  the  organism. 

For  experimental  piirposes  a  toxine  was  prepared  by  growing  the 
bacillus — ^tenth  generation  from  the  original  source — for  23  days  in 
sugar-free  bouillon  in  the  incubator,  and  filtering  through  a  Chamber- 
land  filter.  Its  toxicity  was  then  tested  with  the  results  shown  in 
Table  II,  p.  462. 

Babbit  No.  1,  weight  2860  grammes,  whose  serum  had  been  shown 
by  inoculation  tests  to  be  not  antidiphtheritic,  was  then  immunized  by 
increasing  doses  of  the  toxine  prepared  as  described  above,  and  finally 
by  inoculation  with  a  living  culture  of  the  bacillus.  The  rabbit  was 
then  bled  and  its  serum  used  as  noted  in  the  experiments  given  in 
Table  III,  p.  463. 

Inoculations  to  determine  the  presence  of  the  virus  of  rabies.  About 
0.5  ccm.  from  the  central  portion  of  the  medulla  of  Mrs.  E.,  received 
as  noted  above,  was  removed  in  a  sterile  manner  and  with  sterile  0.67 
per  cent  sodium  chloride  solution  made  into  as  thick  an  emulsion  as 
could  be  passed  through  an  ordinary  hypodermic  needle.  With  this 
emulsion  the  following  inociilations  were  made: 

Babbit  No.  2.  Weight  1120  grammes.  Inoculated  becember  15,  1897, 
11  a.  m.,  in  left  subdural  space  with  0.2  ccm.  of  emulsion  above  men¬ 
tioned. 

Appeared  perfectly  well  until  9  a.  m.  Jan.  4,  1898,  20  days  after 
inoculation,  at  which  time  it  show’ed  disinclination  to  move,  and  when 
made  to  hop  exhibited  weakness  in  posterior  extremities  with  slight 
incoordination.  Temperature  35.7°  C.  11.30  to  12  m.  incoordination 
became  much  more  marked.  Animal  very  restless,  moving  about  con¬ 
stantly  and  grinding  its  teeth  frequently.  During  afternoon  animal 
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remained  quiet.  Jan.  6,  1898,  9  a.  m.,  rabbit  found  lying  on  side, 
stretched  out,  head  thrown  backwards,  all  power  of  motion  in  posterioi 
extremities  apparently  gone.  Temperature  35.5°  C.  1  p.  m.,  condi¬ 
tion  unchanged.  Sniffed  at  food  which  was  placed  near  nose  but  did 
not  attempt  to  eat.  (Culture  from  throat  taken  at  5  p.  m.,  Jan.  4, 
showed  staphylococci,  streptococci  and  short  slender  bacilli,  uniden¬ 
tified.)  Jan.  6,  8  p.  m.,  22  days  after  inoculation,  rabbit  was  found 
dead  and  in  rigor  mortis. 

Autopsy  9  p.  m.,  Jan.  6.  Marked  injection  of  vessels  of  pia;  minute 
extradural  plastic  exudate  at  seat  of  inoculation;  mouth  and  trachea 
clear  of  mucus;  vessels  of  trachea  not  congested;  small  light-colored 
patch  on  inferior  border  of  median  lobe  of  liver;  bladder  much  dis¬ 
tended  and  its  vessels  injected;  other  organs  normal. 

Cultures  made  from  pia,  fourth  ventricle,  and  heart’s  blood,  all  re¬ 
mained  sterile.  Those  from  substance  of  medulla  gave  abundant  pure 
growth  of  a  bacillus  with  the  same  morphological  and  cultural  charac¬ 
teristics  as  that  obtained  from  the  original  source  and  identified  as  the 
diphtheria  bacillus. 

Rabbit  No.  3.  Weight  1270  grammes.  Inoculated  at  same  time 
(Dec.  15),  in  the  same  manner,  and  with  the  same  substance  and  dose 
as  llabbit  No.  2. 

Jan.  5,  9  p.  m.,  21  days  after  inoculation,  animal  showed  first  symp¬ 
toms.  History  similar  to  that  of  Eabbit  No.  2,  except  that  at  no  time 
was  any  excitement  present,  and  that  much  flowing  of  saliva  was  noted 
throughout  the  second  day  after  the  appearance  of  symptoms.  Death 
Jan.  6  at  11  p.  m.,  22  days  after  inoculation. 

Autopsy  findings  parallel  with  those  of  No.  2,  except  that  the  throat 
was  filled  with  mucus  and  the  trachea  was  slightly  injected  in  upper 
portion.  The  liver  was  apparently  normal.  Cultures  from  surface  of 
brain  at  seat  of  inoculation  and  heart’s  blood  remained  sterile.  Those 
from  substance  of  medulla  developed  pure  growth  of  13.  diphtheria. 

Though  the  Bacillus  diphtheriae  was  recovered  in  pure  culture  from 
the  central  nervous  system  of  Babbits  Nos.  2  and  3,  yet  the  clinical 
history  and  gross  autopsy  findings  in  the  animals  were  so  like  those 
observed  in  rabbits  inoculated  subdurally  with  the  virus  of  known 
rabies  that  it  was  impossible  to  decide  whether  death  had  been  caused 
by  the  virus  of  rabies,  by  the  diphtheria  bacillus,  or  by  a  combined  in¬ 
fection  with  the  two.  Hence  the  following  inoculations  were  made  from 
the  substance  of  the  medulla  of  Babbit  No.  2. 

Rabbit  No.  Jf.  Weight  1390  grammes.  Inoculated  2  p.  m.,  Jan.  6, 
1898,  in  left  subdural  space  with  0.2  ccm.  of  thick  emulsion  of  medulla 
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of  Eabbit  No.  2  in  0.67  per  cent.  NaCl.  solution.  (A  small  quantity  of 
the  emulsion  escaped  from  the  wound  in  the  dura  on  the  withdrawal 
of  the  needle.) 

Eabbit  remained  apparently  well  up  to  and  including  4  p.  m.,  Feb.  1. 
1898.  Found  dead  and  in  rigor  mortis  9  a.  m.,  Feb.  2,  27  days  after 
inoculation. 

At  autopsy  animal  very  much  emaciated.  Pia  slightly  congested. 
Trachea  normal.  Liver  congested,  not  markedly  enlarged.  Gall  blad¬ 
der  much  distended.  Urinary  bladder  distended.  All  other  gross 
findings  negative.  Cultures  from  surface  of  pia,  heart’s  blood  and  gall 
bladder  all  remained  sterile  after  7  days  in  the  incubator.  Those  from 
the  substance  of  the  medulla  developed  a  few  colonies  of  B.  diphtherise. 

Rabbit  No.  5.  Weight  1030  grammes.  Inoculated  Jan.  6,  2  p.  m., 
in  left  subdural  space  with  0.2  ccm.  of  the  same  emulsion  as  that  used 
in  inoculating  Eabbit  No.  4  (i.  e.  medulla  in  physiological  salt  solution). 

Jan.  23,  10  a.  m.,  17  days  after  inoculation,  the  rabbit  showed  disin¬ 
clination  to  move;  when  compelled  to  hop  exhibited  slight  posterior 
incoordination.  Temperature  38°. 5,  5  p.  m.  Symptoms  grew  rapidly 
worse  during  afternoon — animal  lying  on  side  with  posterior  limbs  com¬ 
pletely  paralyzed.  Found  dead  Jan.  24  at  9  a.  m.,  18  days  after  inocu¬ 
lation. 

Autopsy.  Body  not  emaciated.  Meninges  very  intensely  congested. 
Trachea  slightly  congested.  Heart  and  adjacent  vessels  engorged  with 
blood.  Liver  very  dark,  congested,  enlarged  and  friable.  Spleen  pale. 
Eight  kidney  slightly  congested.  Other  gross  findings  negative. 

Serum  and  broth  cultures  from  the  meninges  and  substance  of  me¬ 
dulla  gave  a  few  colonies  of  B.  diphtherise.  Similar  cultures  from  the 
ventricles  of  the  brain,  the  heart’s  blood,  and  the  spleen,  remained 
sterile  after  5  days  in  the  incubator. 

Rabbit  No.  6.  Weight  1210  grammes.  Inoculated  Jan.  6,  1898, 
2  p.  m.,  in  left  subdural  space  with  0.2  ccm.  of  emulsion  prepared  by 
rubbing  up  an  unmeasured  portion  of  the  medulla  of  Eabbit  No.  2  with 
P.,  D.  &  Co.’s  diphtheria  antitoxine  (date  of  Oct.  9,  1897,  2000  imits  to 
bulb).  The  emulsion  was  as  thick  as  could  be  passed  through  the 
needle  of  a  hypodermic  syringe. 

This  rabbit  has  shown  no  symptoms  up  to  the  present  time,  130  days 
after  the  inoculation. 

Rabbit  No.  7.  Weight  970  grammes.  Was  inoculated  Jan.  6,  1898, 
in  the  left  subdural  space  with  0.25  cc.  of  the  same  emulsion  as  that 
used  in  inoculating  Eabbits  Nos.  4  and  5.  Immediately  preceding  this 
inoculation  the  animal  had  been  given  si;beutaneously  in  the  right 
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groin  1  cc.  (about  500  units)  of  antidiphtheritic  serum  (P.,  D.  ct  Co.’s 
issue  of  Oct.  9,  1897).  This  rabbit  has  exhibited  no  symptoms  up  to 
the  present  time,  130  days  after  the  inoculation. 

The  extreme  difficulty  of  procuring  rabbits  at  the  time  of  death  of 
Nos.  4  and  5,  coupled  with  the  strong  belief  that  Nos.  6  and  7  would 
eventually  die  of  rabies,  was  deemed  sufficient  reason  for  not  carrying 
forward  the  series  from  the  medullas  of  those  already  dead. 

Effects  of  association  of  the  virus  of  rabies  ivitli  diphtheria  antitoxine 
and  B.  diphtheriae. — The  experiments  on  Eabbits  Nos.  6  and  7  indicate 
that  the  virus  of  rabies  was  absent  from  the  material  used  to  inoculate 
these  animals  and  presumably  also  from  the  medulla  of  the  patient,  but 
before  this  inference  could  be  justifiably  drawn  it  was  necessary  first  to 
determine  what  influence  diphtheria  antitoxine  may  have  upon  the  virus 
of  rabies  or  upon  a  combination  of  this  virus  with  the  diphtheria  ba¬ 
cillus. 

In  numerous  experiments  made  in  this  laboratory  large  doses  of  anti¬ 
diphtheritic  serum  have  been  administered  subcutaneously  to  rabbits 
Just  prior  to  their  inoculation  with  the  fixed  virus  of  rabies,  and  in  other 
instances  with  the  virus  of  street  rabies,  without  any  appreciable  effect 
either  on  the  time  of  onset  or  the  character  of  the  symptoms.  Equally 
without  effect  upon  the  manifestations  of  rabies  was  the  mixture  of  the 
rabic  virus  with  diphtheria  antitoxine  before  inoculation  of  the  animal. 

The  experiments  recorded  in  Table  IV  (p.  467)  were  made  to  deter¬ 
mine  the  efl'ect,  if  any,  on  the  incubation  period,  symptoms,  etc.,  of 
inoculation  of  rabic  virus  simultaneously  with  diphtheria  antitoxine  and 
diphtheria  bacilli. 

It  will  be  observed  from  Table  IV  that  Eabbits  Nos.  P85,  P87,  268, 
270,  were  used  merely  as  controls,  the  first  two  being  inoculated  in  the 
ordinary  manner  with  the  fixed  virus  of  rabies  from  two  different  ani¬ 
mals,  and  the  last  two  with  the  virus  of  street  rabies,  second  generation 
from  a  rabid  dog.  In  Nos.  P86  and  P88  the  addition  of  diphtheria  anti¬ 
toxine  and  virulent  B.  diphtheriae  to  the  fixed  virus  some  time  before 
inoculation  did  not  appear  to  alter  in  any  way  either  the  incubation 
period,  the  train  of  symptoms,  or  the  autopsy  findings.  Eabbits  Nos. 
P109,  Pill,  P113,  P115,  P117  and  P121  of  Table  V  may  also  be  cited 
in  this  series.  The  diphtheria  bacilli  had  been  in  contact  with  the  living 
nerve  tissue  and  rabic  virus  for  from  2  to  15  days  in  the  material  with 
which  these  latter  animals  were  inoculated,  yet  the  rabic  virus  appeared 
unchanged  thereby. 

In  Eabbits  Nos.  269  and  271,  in  the  inoculation  of  which  to  the  rabic 
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TABLE  lY. 

INOCULATION  OF  RABBITS  WITU  RABIC  VIRUS  COMBINED  WITH  DIPHTHERIA  BACILLI 
AND  DIPHTHERIA  ANTITOXINS. 


No.  Of 
rabbit. 


Inoculation. 


r- 

'C  S 


Symptoms. 


£ 

c  ^ 

CO 

5 

Cj  C 
TS 

CM  53 


P.  85 
(control) 


1460 


In  left  subdural  space 
with  0.".J  cc.  of  emul¬ 
sion  of  0.2  cc.  of  me¬ 
dulla  of  rabbit  dead] 
of  inoculation  with 
the  fixed  virus  of 
rabies  mixed  ivith  0.5 
cc.  of  plain  broth. 


P.  86 


1520 


I 

87  !-j. 


Same  as  No. P.85  except 
0.5  cc.  of  P.,D.  &  Go’s 
diplitheria  antitox 
inc  (500  units)  used 
instead  of  broth. 
Emulsion  inoculated 
with  1  loopful  of  a 
40-hr.  broth  culture 
of  B.  diphtheriic  }4 
hour  before  inocula¬ 
tion  into  rabbit. 

j3050jsame  as  No. P.85  except 
(control)'  I  medulla  of  another 

I  j  rabbit  (dead  of  6xed 

virus  of  rabies)  used. 


P.  88 


2380 


268 

(control) 


1300 


Same  as  No.  P.87  except 
0.5  cc  (500  units)  P. 
D.  &  Go’s  diphtheria 
antitoxine  used  in¬ 
stead  of  plain  broth. 
Emulsion  inoculated 
1  hr.  before  use  with 
1  loopful  of  a  serum 
culture  of  a  virulent 
B.  diphtheria'. 

In  left  subdural  space 
with  0.2  cc.  of  emul 
sion  of  0.2  cc.  of  me¬ 
dulla  of  rabbit  No. 
266  (orifjinal  from 
street  rabies, Gase  33) 
made  up  with  0.5  cc. 
of  plain  broth. 


7  iShort  period  of  ex-  13 
i  citement  followed 
j  by  stupor;  poste- 
i  rior  inco6rdina-j 
I  tion ;  ascending! 
paralysis;  retrac¬ 
tion  of  head ;  es- 
!  cape  of  much  sal- 
I  iva  from  mouth  ; 

'  death  in  coma. 


7  ISame  as  No.  P.  85. 


Same  as  No.  P.  85. 


13 


Same  as  No.  P.  85.  .  11 


13 


12 


Excitement  fol¬ 
lowed  by  stupor; 
posterior  ascend¬ 
ing  paralysis ;  re¬ 
traction  of  head; 
much  saliva 
escaping  from 
mouth;  death  in 
coma. 


15 


Autopsy. 


Meninges  and 
trachea  slightly 
congested. 
Bladder  distend¬ 
ed.  Serum  and 
broth  cultures 
from  meninges 
and  heart’s 
blood  sterile 
after  48  hours 
incubation. 

Same  as 

No.  P.  85. 


:Same  as 

No.  P.  85. 


Same  as 

No.  P.  85. 


Slight  meningi¬ 
tis;  trachea  con¬ 
gested;  bladder 
distended.  Gul- 
tures  from  seat 
of  inoculation 
and  heart’s 
blood  sterile 
after  48  hrs.  in 
incubator. 
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No.  of 
rabbit. 


;269 


270 

(control) 


271 


TABLE  IV — continued. 


c 

c3 

□Q  1 

0 

s  ^ 

C 

R  6 

Inoculation. 

CO  -4^ 

Symjjtons. 

C 

Autopsy. 

be 

s  a 

rt  o 

«H  c3 

.<-1 

a 

d  o 

d  g 

142o!ln  same  manner,  dose 

14 

Slight  excitement 

16 

Same  as  in  No. 

and  medulla  as  with 

of  animal  noticed 

268,  and  in 

No. 268,  but  emulsion 

on  day  following 

addition  liver 

made  by  using  0.2  cc. 

inoculation  which 

slightly 

of  medulla  to  0..5  cc. 

subsided  within 

congested. 

of  P.  D.  &  Co’s  dipli- 

18hrs.  No  further 

theria  antitoxine(.'500 

symptoms  till  the 

units).  The  emulsion 

14th  day,  when 

was  inoculated  )4  lir. 

began  the  usual 

before  use  with  1 

course  as  observed 

loopful  of  40-hour 
broth  culture  of  vir- 

in  rabbits  suffer¬ 
ing  from  rabies. 

ulent  B.  diphtheria'. 

20.5o'Same  in  every  respect 

19 

Same  as  No.  268. 

21 

Same  as  No.  268. 

as  No.  268,  except 
that  the  medulla  of 

rabbit  No.  267  (mate 
to  No.  266,  original 
from  street  rabies. 
Case  33)  was  used. 

2000 

Same  as  No.  269  except 

20 

Three  davs  after 

24 

Same  as  No.  268, 

same  medulla  as  used 

inoculation  rabbit 

except  small 

with  No.  270  and 

excited,  showed 

haemorrhagic 

emulsion  inoculated 

some  posterior  in- 

area — subdural 

with  1  loopful  of  24- 

coordination  ;  24 

— at  site  of 

hr.  serum  culture  of 

hours  later  less 

inoculation. 

virulent  B.  diph- 

excited,  incobrdi- 

theriie  ^  hr.  before 

nation  very  slight; 

use. 

ate  food  freely. 

72  hours  later 

animal  apparently 
perfectly  well.  No 
further  symptoms 
until  the  20th  day 
after  inoculation 
when  began  the 
usual  course  as  in 
No.  268. 
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virus  had  been  added  diphtheria  antitoxine  and  virulent  diphtheria  ba¬ 
cilli,  symptoms  of  slight  cortical  irritation  were  present  on  the  first  and 
third  days  respectively  after  trephining.  These  symptoms  rapidly  dis¬ 
appeared  and  the  animals  remained  well  until  the  expiration  of  the  or¬ 
dinary  ineiibation  period  of  street  rabies  when  they  exhibited  the  same 
train  of  symptoms  as  their  controls,  and  after  death  gave  the  same  au¬ 
topsy  findings. 

Tlie  foregoing  experiments  demonstrate  that  the  medulla  of  Eabbit 
Xo.  2  (dead  22  days  after  inoculation  with  an  em^ilsion  of  the  mediilla 
of  j\[rs.  E.)  could  not  have  contained  the  rabic  virus,  for  if  this  virus 
had  been  present  it  would  have  manifested  itself  in  Eabbits  Nos.  6  and  7 
whicb  were  inoculated  with  the  medulla  of  Eabbit  Xo.  2  combined  with 
diphtheria  antitoxine. 

The  question  may,  however,  still  be  raised  whether  a  combined  in¬ 
fection  with  rabies  and  di]ditheria  may  not  have  existed  in  the  patient 
and  that  only  the  virus  of  diphtheria  was  transmitted  to  the  rabbits  in¬ 
oculated  with  her  medulla.  As  the  ultimate  findings  could  not  be  antici¬ 
pated.  the  opportunity  of  determining  the  protective  influenee  of  diph¬ 
theria  antitoxine  upon  the  animals  inoculated  directly  with  the  medulla 
of  the  patient  was  unfortunately  lost. 

Inasmuch  as  Eoux  *  found  that  the  medulla  and  cord  of  an  animal 
inoculated  4  days  before  with  fixed  virus — that  is,  3  days  before  the  ap¬ 
pearance  of  symptoms — were  capable  of  producing  rabies  when  inocu¬ 
lated  into  other  animals,  it  seems  most  improbable  that  the  virus  of  rabies 
should  not.  if  it  were  originally  present  in  the  medulla  of  the  patient, 
have  been  demonstrable  in  the  medullae  of  the  rabbits  inoculated  with 
this  medulla  and  dying  22  days  after  the  inoculation. 

In  order  to  shed  further  light  u])on  the  question  of  the  possibility  of 
a  mixed  infection  in  the  case  of  !Mrs.  E.,  the  experiments  recorded  in 
Table  V  Avere  undertaken  to  determine; 

(a)  IIoAV  soon  after  subdural  inoculation  Avith  the  virus  of  rabies  the 
medulla  of  a  rabbit  may  contain  .sufficient  virus  to  produce  symptoms  of 
rabies  in  other  animals  inoculated  therefrom. 

(b)  The  effect,  if  any,  on  the  incidiation  period,  coirrse  of  symptoms, 
etc.,  in  rabbits  of  inoculation  Avdth  the  medullae  of  rabbits  killed,  during 
the  incubation  period  of  rabies,  by  subdural  inoculation  of  B.  diphtheriae. 

It  Avill  be  noted  from  Table  Y  that  the  medullae  of  rabbits  Xos.  P103 

*  AmiaUs  dc  VInstitut  Pasteur,  1880,  iii,  77  and  1888,  ii,  24. 
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TAB 

SERIAL  INOCULATIONS  TO  DETERMINE  THE  PRESENCE  OF  THE  RABIC  VIRUS  IN  RABBITS  II 


First  Set  of  Inoculations.  |j 

Seco 

No.  of  rabbit. 

Wt.  In  grammes. 

Inoculation. 

No.  of  days  from 
original  Inoc.  to 
onset  of  symptoms. 

Symptoms. 

No.  of  days  from 
original  inocu¬ 
lation  till  death. 

Autopsy.  1 

No.  of  rabbit. 

wt.  In  grammes. 

Inocula 

P102 

3030' 

ji  left  subdural 

7 

Short  period  of 

13 

Slight  congestion 

* 

space  with  0.3  cc. 

excitement 

of  meninges  and 

c 

of  emulsion  of  0.4 

followed  by 

trachea.  Bladder 

-S 

cc.  of  medulla  of 

stupor;  poste- 

distended.  Serum 

c 

rabbit  No.  P.  101 

rior  incoordi- 

and  broth  cultures 

•S' 

(dead  from  iiiocu- 

nation ; 

from  meiiiuges  aud 

lation  of  fi.ved  virus 

ascending  piar- 

heart’s  blood  re- 

of  rabies)  rubbed 

alysis ;  retrac- 

mained  sterile 

up  with  1  cc.  of 

tion  of  head ; 

after  48  hours  in 

plain  broth. 

escape  of 

incubator. 

much  saliva 

from  mouth ; 

death  in  coma. 

pio.s 

1900 

Same  as  No  F.  103, 

5 

.Much  excite- 

7 

Much  congestion  of 

fPllO 

990 

Same  as  No.  P. 

except  that  in  ad- 

ment ;  poste- 

meninges;  no  pus.  ! 

emulsion  made 

dition  4  days  later 

rior  incoordi- 

Traclieacongested.  i 

of  rabbit  No. 

animal  was  f^iven 

nation ; 

Serum  and  broth  | 

up  with  plain  b 

throiijih  original 

ascending  par- 

cultures  from  men-  j 

opening  in  skull 

alysis. 

inges  showed  B.  1 

0.3  cc.  of  emulsion 

(Excitement 

diphtheria-  pure.  | 

of  48-hour  broth 

kept  up  longer 

Similar  cultures 

P117 

960 

Same  as  No.  P.  11 

with  a  48-h.  serum 

than  in  rabies.) 

from  heart’s  blood  | 

culture  of  B.  diph- 

Death  in  coma. 

remained  sterile 

0.3  cc.  of  med 

therim. 

after  48  hours  in 

No.  P.  103  wit 

incubator. 

cc.)  of  P.  D.  &C 

autitoxine. 

P104 

1960 

Same  as  No.  V.  103, 

4 

Same  as 

.5 

Same  as  No.  P.  103. 

P118 

930 

Same -as  No.  P.  10 

except  second  in- 

No.  P.  103. 

medulla  of  rab 

oculation  given  3 

used  for  iiiocu 

days  alter  first. 

PUB 

880 

Same  as  No.  P.  1 

.50  units  P.  D.  A 

ria  autitoxine 

■ 

making  cinulsk 

PIO.1 

3470 

1 

! 

Same  as  No.  P.  103,!  3 

Same  as 

4 

Same  as  No.  P.  103. 

fPiifl 

3200 

Same  as  No.  P.  1 

except  second  iii-j 

No.  P.  103. 

1 

emulsion  made 

'  oculation  given  3 

i 

of  No.  P.  105. 

days  after  first.  j 

i 

j  pill 

1420 

Same  as  No.P.llO 

j 

I 

P 

P.D.«fe  Co.’s  dip 

'  1 

: 

i. 

ine  used  in  mal 

PlOf 

31 9( 

Same  as  No.  P.  103 

!  2 

Same  as 

1  3 

Same  as  No.  P.  103. 

pio^ 

330C 

Same  as  No.  P.  10 

except  second  in 

No.  P.  103 

sioii  made  fro 

oculation  given 

1 

1 

No.  106. 

day  alter  first. 

i 

pioi 

198C 

ISame  as  No.P.108 

1 

P.D.& Co.’s  dip 

1 

ine  used  in  inak 

PIO' 

“330( 

ISame  as  No.  P.  103 

1 

Same  as 

'  .5 

Same  as  No.  P.  103. 

1  Pll'l 

94( 

Same  as  No.  P.  10 

;  except  30-day 

No.  P.  103 

1 

1 

sion  made  from 

broth  culture  o 

f 

1 

No.  P.  107. 

B.  diphtlieriic  usei 

1 

Pllf 

901 

ISame  as  No.?.!!-* 

instead  of  plain 

P.D.& Co.’s  dip 

broth  in  making 

ine  used  in  mal 

emulsion. 

' 

.  .  _ _ _ 

_ _ _ _ 

*  This  aultnul  forms  one  generation  In  the  series  used  In  this  laboratory  tor  the  perpetuation  of  the  tlxed  virus o(r 


V. 

CLATED  WITH  THIS  VIUUS  AND  SUBSEQUENTLY  KILLED  BY  THE  DIPHTHERIA  BACILLUS. 


Set  of  Inoculations.  |i 

Third  Set  of  Inoculations. 

Q. 

«o.  or  aays  lo  on¬ 
set  of  symptoms. 

Symptoms. 

No.  of  days  irom 
inoc.  till  death. 

Autopsy. 

P  ■ 

I 

ce 

u  ' 

O  1 

6  1 

i 

Wt.  In  grammes. 

Inoculation. 

No.  of  days  to  on¬ 
set  of  symptoms. 

Symptoms. 

No.  or  days  irom 
luoc.  till  death. 

Autopsy. 

)2,  but  with 

7 

Same  as  No.  P.  102, 

9 

Same 

1 

i 

1 

. 

j 

1 

rom  medulla 

except  shorter  pe- 

as  No. 

103  rubbed 

riod  from  onset  of 

P.102. 

til. 

symptoms  till 

death.  (This  is  al- 

most  always  true 

with  small  rabbits.) 

except  with 

7 

Same  as  No.  P.  116. 

9 

Same 

1 

y  rubbing:  up 

as  No. 

11a  of  rabbit 

P.103. 

50  units  (0..5 

’s  diphtheria 

except  with 

7 

Same  as  No.  P.  116. 

11 

Same 

t  No.  P.  104 

as  No. 

ion. 

P.103. 

except  that 

7 

Same  as  No.  P.  116. 

10 

Same 

' rpi3o 

1330 

Same  as  No.  P.  116, 

7 

Same 

10 

Same 

]o.’3  diphthe- 

as  No. 

!  1 

except  medulla  ol 

1 

as  No. 

as  No. 

ere  used  in 

P.103. 

■  1 

No.  P.  113  used  in 

1 

P.116. 

P.103. 

1 

making  emuision. 

j  P131 

1420'Same  as  No.  P.  130 

7 

Same 

10 

Same 

1  except  50  uts.  P.  D 

as  No. 

as  No. 

1 

i  &  Co.’s  diphtheria: 

P.116. 

P.102. 

1 

1  autitoxine  used  in| 
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to  P107,  inclusive,  dying  from  diphtheria  infection  7,  5,  4,  2,  and  5  days 
respectively  after  subdural  inoculation  with  the  fixed  virus  of  rabies  were 
found  to  contain  the  virus  of  rabies  apparently  unchanged. 

Eahbits  Nos.  108  to  117,  inclusive,  comprising  tlio  second  series  of  in¬ 
oculations  from  the  above  showed  the  same  incubation  period,  train  of 
symptoms  and  post-mortem  lesions  as  control  rabbits  inoculated  in  the 
ordinary  manner  with  the  fixed  virus  of  rabies.  Though  from  each  of 
the  emulsions  used  in  inoculating  these  animals  (Nos.  P108-P117)  B. 
diphtherife  was  grown  in  pure  culture,  yet  the  organism  was  recovered 
from  the  brains  of  hut  half  of  them  after  death.  Its  presence  or  ab¬ 
sence  seemed  not  to  he  determined  by  the  use  or  non-use  of  diphtheria 
antitoxine  in  making  up  the  emulsions,  nor  by  the  length  of  time  elaps¬ 
ing  from  inoculation  till  death. 

Nos.  P120  and  P121,  the  only  animals  inoculated  in  the  third  set, 
gave  the  incubation  period,  train  of  symptoms,  and  autopsy  findings  of 
controls  inocifiated  in  the  ordinary  manner.  Diphtheria  bacilli  were 
not  recovered  from  their  brains  after  death  though  the  organisms  were 
present  in  small  numbers  in  the  emulsion  from  which  they  were  inocu¬ 
lated. 

In  the  light  of  the  experiments  recorded  in  Table  V  it  does  not  seem 
]tossible  to  doubt  that  if  the  virus  of  rabies  had  really  been  present  in 
the  medulla  of  the  patient,  it  would  have  been  transmitted  in  demon¬ 
strable  form  to  the  medullse  of  the  rabbits  inoculated  therewith,  but,  as 
has  already  been  shown,  such  transmission  did  not  occur,  and  the  infer¬ 
ence  is,  therefore,  warrantable  that  the  rabic  virus  was  absent  from  the 
patient’s  medulla. 

Subdural  inocidations  of  B.  diphtlieriae. — Some  experiments  have 
been  made  in  this  laboratory  and  others  are  now  in  progress  relating  to 
the  production  of  acute  and  delayed  meningitis  in  rabbits  by  the  sub¬ 
dural  inoculation  of  pure  cultures  of  B.  diphtlieriae.  The  results  of 
these,  with  report  of  tissue  clianges,  are  reserved  until  more  extended 
observations  have  been  made.  One  series,  however,  may  be  given  here. 
B.  diphtlieriae — nine  generations  removed  from  the  original  source — 
was  grown  23  days  in  sugar-free  bouillon  and  the  following  inoculations 
made: 


Babbit 

a 

a 

6C 

a 


8,  weight  2170  g., 

9  “  2080  g 

10  “  2000  g. 

11  “  1G80  g. 

12  “  1800g. 


received  0.05  cc.  in  left  subdural  space. 
“  0.1  cc.  “  “  “ 

“  0.2  cc.  “  “  “ 

“  0.3  cc.  “  “  “ 


0.4  cc.  subcutaneously  in  right 


groin. 
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Nos.  9,  10  and  11  died  within  24  hours.  At  the  autopsies  was  found 
acute  nieningitiSj  and  B.  diphtherias  was  recovered  from  the  point  of  in¬ 
oculation.  No.  12  died  on  the  4th  day. 

No.  8  remained  somewhat  stupid  for  two  days  and  then  became  appar¬ 
ently  normal  until  the  8th  day,  when  it  showed  great  excitement  if  iiTi- 
tated,  whirling  about  rapidly  and  rushing  around  the  room  in  a  fren¬ 
zied  manner,  this  attack  lasting  about  one  minute.  These  phenomena 
could,  with  gradually  decreasing  readiness,  be  produced  by  stimulation 
during  a  period  of  3  days,  after  which  they  subsided  altogether.  The 
rabbit  then  remained  in  apparent  good  health  until  the  23d  day  after 
inoculation,  when  its  posterior  extremities  were  noticed  to  be  weak  and 
slightly  incodrdinated.  On  the  following  day  they  were  completely  par¬ 
alyzed.  The  paralysis  rapidly  ascended.  48  hours  after  the  beginning 
of  incoordination  the  rabbit  was  lying  on  its  side  with  limbs  extended, 
head  retracted,  and  breathing  spasmodically.  At  no  time  during  its 
linal  sickness  was  there  any  excitement  observed  nor  any  marked  escape 
of  saliva  from  the  mouth.  It  may  be  mentioned,  however,  that  the 
symptoms  were  difticult  to  distinguish  from  those  exhibited  by  two 
rabbits  dying  from  inoculation  with  the  fixed  virus  of  rabies  and  one 
dying  from  “  street  rabies  ” — second  generation  from  a  rabid  wolf — 
wdiich  w'ere  under  observation  at  the  time  in  the  same  room  with  liabbit 
No.  8.  The  animal  died  on  the  27th  day  after  inoculation. 

Autopsy.  General  condition  of  rabbit  good.  Meninges  not  congested. 
Portion  of  left  cerebrum  about  1  cm.  in  superficial  diameter  and  ex¬ 
tending,  at  seat  of  inoculation,  down  to  ventricle,  was  markedly  soft¬ 
ened.  Membranes  of  cord  slightly  congested.  Liver  deeply  congested. 
Urinary  bladder  much  distended. 

Cultures.  From  the  softened  area  of  the  cerebrum  no  growth  was 
obtained;  from  the  medulla  a  few  colonies  on  serum  of  B.  diphtherise; 
from  the  heart’s  blood  a  few  colonies  of  staphylococci. 

SUMMARY  OF  PATHOLOGICAL  REPORT. 

1.  The  bacillus  isolated  from  the  central  nervous  system  of  Mrs. 
R.  was  Bacillus  diphtherise,  and  doubtless  such  was  the  identity  of  the 
bacillus  discovered  in  the  nerve  cells  of  the  pons  and  medulla. 

2.  The  histological  lesions,  as  far  as  they  were  observed  in  the 
central  nervous  system  and  kidney,  were  the  same  as  those  observed 
after  death  from  ordinary  clinical  and  experimental  diphtheria. 

3.  The  subdural  inoculations  in  rabbits  of  portions  of  the  medulla 
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of  Mrs.  Ti.  ])roduced  symptoms  simulating  rabies  in  tbeir  time  of  onset 
and  general  cliaracter.  The  gross  post-mortem  findings  in  the  ani¬ 
mals,  resembled  in  their  negative  character  those  of  rabies,  but  B. 
diplitheriui  was  isolated  culturally  from  the  central  nervous  system. 
Synchronous  inoculation  of  diphtheria  antitoxiue  protected  rabbits 
against  otherwise  fatal  doses  of  the  emulsions  of  the  medullm  of  the 
first  series  of  rabbits. 

4.  The  mixture  of  diphtheria  antitoxiue,  or  of  diphtheria  anti- 
toxine  and  diphtheria  bacilli,  with  the  virus  of  rabies  is  without  influ¬ 
ence  upon  the  manifestations  of  rabies. 

5.  The  medullae  of  rabbits  inoculated  with  the  fixed  viims  of  rabies 
and  killed  during  the  period  of  incubation,  2  to  7  days  after  the  orig¬ 
inal  inoculation,  by  subdural  injection  of  cultures  of  the  diphtheria 
bacillus,  contain  the  virus  of  rabies  in  a  foinn  capable  of  transmitting 
rabies  to  rabbits  inoculated  in  series  with  such  medullae. 

6.  The  subdural  inoculation  of  a  small  dose  of  pure  culture  of 
B.  diphtheriae,  isolated  from  another  source,  produced  symptoms  which, 
in  their  time  of  onset  and  subsequent  history,  resembled  in  some  de¬ 
gree  those  of  rabies  in  rabbits. 

I  desire  to  express  sincere  thanks  to  Professor  h\  B.  Wesbrook, 
under  whose  direction  the  above  study  has  been  conducted,  to  i)r.  O. 
McDaniel  and  to  Dr.  E.  Bates  Block  for  their  suggestions  and  criti¬ 
cism. 

Beview  and  Conclusions. 

The  history  and  the  clinical  symptoms  in  the  case  of  Mrs.  R.  pointed 
toward  the  diagnosis  of  rabies.  The  well-authenticated  history  of  a 
bite  on  the  cheek  by  an  unknown  animal,  the  two  months’  incubation 
period,  the  onset  with  extreme  pain  and  numbness  in  the  region  of  the 
scar,  the  development  of  the  characteristic  laryngeal  and  respiratory 
spasms  on  attempting  to  take  liquids,  the  spasms  at  first  being  slight, 
later  most  pronounced,  and  toward  the  close  feeble  or  absent,  the 
insomnia,  the  absence  of  fever  in  the  beginning,  which  later  in  the 
disease  became  pronounced,  the  rapid  pulse  at  all  stages,  the  attacks  of 
violent  delirium  interspersed  with  periods  of  calm  and  complete  ration¬ 
ality,  the  absence  of  all  symptoms  pointing  toward  any  other  simu- 
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latiug  disease,  and  the  fatal  termination,  all  serve  to  make  an  almost 
complete  picture  of  rabies. 

One  feature  of  the  case  not  in  harmony  with  the  diagnosis  of  rabies 
is  the  long  period  over  which  the  disease  continued  prior  to  the  fatal 
teiTuination.  As  is  seen  from  the  history,  the  course  of  the  illness, 
dating  from  the  onset  "with  pain,  sleeplessness  and  mental  depression, 
lasted  14  days.  If  time  is  estimated  from  the  onset  of  the  first 
laryngeal  spasm,  ten  days  elapsed  before  the  fatal  outcome.  On  the 
other  hand,  most  authorities  place  the  death  limit  in  rabies  at  five 
to  eight  days. 

A  second  clinical  feature  manifested  in  this  case  which  does  not  ap¬ 
pear  to  correspond  to  the  usual  symptom-complex  in  rabies  is  the  pres¬ 
ence  of  a  large  amount  of  albumin  and  of  casts  in  the  urine.  Most  of 
the  clinical  writers  make  no  mention  of  such  a  complication  in  rabies. 
Tvoger,*  however,  speaks  of  the  occurrence  of  dysuria,  albuminuria 
and  glycosuria  in  rabies,  and  he  cites  Samson  and  Cbippindale  as  hav¬ 
ing  noted  hfemoglobinuina  and  the  presence  of  casts. 

The  gross  pathological  findings  likewise  seemed  to  confirm  the  clin¬ 
ical  diagnosis,  since  the  post-mortem  examination  revealed  no  lesions 
aside  fi’mn  mild  cerebral  congestion.  But  the  value  of  such  con¬ 
firmation  is  slight,  in  view  of  the  fact  that  no  characteristic  gross 
lesions  of  rabies  have  hitherto  been  determined  by  any  observer,  and 
a  confirmation  based  on  negative  pathological  conditions  is  of  doubtful 
value.  The  microscopical  changes  foTind  in  the  nervous  centres, 
although  definite,  are  not  of  decisive  diagiiostic  significance. 

An  unexpected  and  important  discovery  was  the  finding  of  the 
Klebs-Loffler  bacillus  in  the  ventricular  fluids  and  in  the  tissues  of  the 
medulla  oblongata  of  the  patient.  The  presence  of  the  bacillus  in 
microscopical  sections  confirmed  the  cultural  results,  and  especially 
to  be  emphasized  is  the  demonstration  of  characteristic  diphtheria 
bacilli  Avithin  nerve  cells.  Idie  determination  of  the  identity  of  the 
bacillus  Avith  the  genuine  Bacillus  diphtheria?  Avas  so  complete  that 
there  can  be  no  room  for  doubt  upon  this  point,  'fho  bacillus  Avas  of 

*  Itoger,  Article  “  Rage  ”  in  Charcot,  Bouchard  and  Brissaud’s  Traite 
de  Atedecine,  T.  i,  p.  008.  Paris,  1891. 
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ordinary  virulence  and  produced  toxine  and  led  to  the  generation  of 
antitoxine  identical  with  diphtheria  toxine  and  antitoxine. 

Not  less  suggestive  of  rabies  than  the  clinical  history  of  the  patient 
were  the  results  of  subdural  inoculations  of  rabbits  with  emulsions 
prepared  from  the  medulla  of  the  patient.  There  occurred  the  long 
])eriod  of  incubation  (20  and  21  days)  followed  by  phenomena  similar 
to  those  in  experimental  rabies  of  rabbits,  and  the  rabbits  inoculated 
subdurally  with  the  medullas  of  the  first  rabbits  behaved  in  a  similar 
manner. 

But  here  again  the  Bacillus  diphtheriae,  which  was  present  in  the 
medulla  of  the  patient,  was  demoiBtrated  with  similar  distnbution  in 
the  rabbits’  medullae. 

Of  decisive  significance  in  rhe  interpretation  of  the  case  is  the 
demonstration  that  the  mixture  of  +be  emulsion  of  the  medulla  of  the 
first  series  of  rabbits  with  diphtheria  antitoxine,  as  well  as  the 
injection  of  antitoxine  followed  by  inoculation  of  the  medulla,  pre¬ 
vented  the  appearance  of  any  abnormal  symptoms  after  subdural  inoc¬ 
ulation,  whereas  in  control  exjierimcnts  diphtheria  antitoxine  mani¬ 
fested  no  appreciably  protective  influence  as  regards  either  the  fixed 
virus  of  rabies  or  the  virus  of  street  rabies.  It  is,  therefoi*e,  jus¬ 
tifiable  to  infei  that  the  virus  of  rabies  was  not  present  in  the  medulhe 
of  the  rabbits  inoculated  directly  with  the  medulla  of  the  patient,  for 
otherwise  it  should  have  been  capable  of  demonstration  after  the  neu¬ 
tralization  of  the  diphtheria  toxine  by  antidiphtheritic  serum. 
Although  the  opportunity  to  mix  diphtheria  antitoxine  with  the 
medulla  of  the  patient  was  lost,  the  experiments  recorded  in  Table  V 
justify  the  conclusion  that  if  the  virus  of  rabies  had  been  present  in 
combination  with  the  diphtheria  bacillus  in  this  medulla  it  would  have 
been  transmitted  in  demonstrable  form  to  the  medidhe  of  the  rabbits 
inocidated  therewith  and  dying  22  days  afterward.  As  sitch  trans¬ 
mission  is  excluded  by  the  results  of  the  inocidation  of  Babbits  Nos. 
6  and  7,  the  absence  of  the  virus  of  rabies  from  the  patient’s  medulla 
must  be  regarded  as  established. 

We  arc  forced,  therefore,  to  the  conclusion  that  the  case  reporte<l 
in  this  paper  was  one  of  infection  of  the  central  nervous  system  with 
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tlie  diplitlieria  bacilh;s  and  not  one  of  rabies,  and  this  conclusion  is 
continued  by  the  experimental  reproduction  of  a  similar  localization 
with  a  prolonged  period  of  incubation  by  the  subdural  inoculation  of 
a  rabbit  with  0.05  cc.  of  a  23  days’  bouillon  culture  of  the  diphtheria 
bacillus  (p.  472). 

The  portal  of  entry  of  the  bacillus  was  not  determined.  There  was 
no  positive  evidence  of  diphtheria  in  the  throat,  although  the  existence 
of  the  diphtheria  bacillus  in  this  situation  was  not  excluded.  The  pos¬ 
sibility  that  the  patient  was  inoculated  with  the  diphtheria  bacillus 
through  the  wound  and  that  it  traveled  along  the  nerves  to  the  ner¬ 
vous  centres,  in  the  manner  of  the  rabid  virus,  may  bo  suggested,  but 
of  this  there  was  no  proof. 

The  close  simulation  of  rabies  both  clinically  and  experimentally 
(a  simidation  all  the  more  remarkable  on  aecouut  of  the  previous  his¬ 
tory  of  a  bite  on  the  cheek,  followed  by  the  usual  ])eriod  of  incubation 
of  rabies)  by  cerebral  infection  with  the  diphtheria  bacillus  is  certainly 
most  curious  and  interesting.  We  have  abundant  evidence  that  the 
cerebral  localization  of  various  infectious  agents,  such  as  those  of 
tuberculosis,  of  tetanus,  etc.,  may  be  attended  by  morbid  ])heuomeua 
V(Ty  unlike  those  of  the  ordinary  localizations  of  the  same  agxmts  else¬ 
where  in  the  body,  and  our  case  demonstrates  that  the  same  may  be 
true  for  the  diphtheria  bacillus. 
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